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5 0  
FATE AND TRANSPORT OF CHEMICALS OF CONCERN 

Fate and transport of  chemicals of concern (COCs) at OU6 have been evaluated to assess the 
potenbal for migration of COCs in cur, groundwater, surface water, and sediment Measured 
and/or modeled concentrahons of COCs in these media were used to estrmate potenttal 
present and future onsite human exposure to these chemicals - 

Fate and transport o f  COCs are controlled by the telease, transport, and persistence of COCs 
Transport o f  released COCs potenbally occurs m vatlous environmental media including the 
vadose zone groundwater, surface water and sediment, and cur The mobility and behavior 
of COCs in environmental media are influenced by the physical and chemical charactensocs 
of the COCs and media, and the rates of  chemrcal degradabon , 

The COCs in OU6 environmental mdia were identtfied in the Draft Final Technical 
Memorandum No 4 Chemicals of Concern Human Hdth Rsk Assessment, Walnut Creek 
Pnonty Drcunage Operable Unit No 6 (DOE 1994c) and are listed in Table 5 1-1 

"*^ 

The evaluahon o f  fate and transport of COCs in OU6 involved (1)  an evaluation o f  transport 
processes for the vadose zone, groundwaer,surface water and sediment, and ar (Sectton 5 l), 
(2) an evaluabon of the mobility and behavior of COCs (Secbon 5 2), (3) the development 
of a conceptual understanding of potenbal COC migratton associated wth OU6 areas of 
concern (AOCs) @BE 1994a), incorporatmg COC source release mechanisms, transport 
processes and pathways of COC migrabon in the vanous environmental media (Secaon 5 3), 

and (4) a quantttative evaluation (modeling) of COC transport in groundwater, surface water, 
and a r  to estimate potential concentrations of COCs at exposure points to be used for the nsk 
assessment (Sechons 5 4 though 5 6) COC transport modeling of groundwater surface water, 
and mr are described in detad in Appendixes G, H, and I Summanes of the modeling 
approaches and results are presented in Sections 5 4 through 5 6 

It is important to note that transport processes, mobility and behavior of COCs, and migration 
pathways are provided in a manner that should provide for an understanding of COC 
migration that could potenbally occur at OU6 Based on the nature and extent of  COC 
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(Section 4 0) and COC transport modeling results, the actual migration of COCs is not 
expected to be substanoal 

5 1 TRANSPORT PROCESSES 

5 1 1 Vadose Zone 

The vadose zone is the unsaturated soil zone between the ground d a c e  and the top of the 
capillary fnnge COCs present as residual contaminatton in OU6 subsurfice and surface soil 
potentially migrate wthin the vadose zone Infiltrabng precipitabon moving downward 
through the vadose zone can leach COCs from the zone of residual contamination and 
transport them wthin the subsurface The leached COCs may agam be adsorbed to vadose 
zone soils as they move Water that infiltrates $le vadose zone may be held as storage or it 
may flow vertically to the saturated zone In addttton, the infiltrate may be discharged to the 
surface Dissolved phase COCs not held in the vadose zone ulttmately reach the saturated 
zone where they mix wth groundwater in the saturated groundwater system 

Leaching is an important transport mechsnrsm for COCs wth high aqueous solubility (e g , 
VOCs) COCs wlth lower sdtlbilibes (e g., mme radionuclides, metals, and SVOCs) are less 
likely to be leached from the vadose zone and generally exhibit lower mobility For some 
of these less soluble COCs, coltotdal _transport may become significant under certam 
environmental conditions although it ts not believed to be a significant process at OU6 
Aqueous solubility of COCs IS discussed in Section 5 2 

Some vadose zone COCs, particularly VOCs may become volatdized and migrate as soil gas 

Soil gas may migrate through the vadose zone to the atmosphere or collect in subsurface 
man-made structures such as basements of buildings 

5 1 2  Groundwater 

Processes that affect transport of chemicals in groundwater include advection, dispersion 
retardation degradation, colloidal transport complexatron, precipitatron and 
oxidatiodreduction behavior Advection dispersion and retardahon are descnbed bnefly in 
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Hydrodynamic dispersion is the process that results in the spreading of  chemical plumes wth 
increasing distance from chemical sources 

Retardabon Typically the migrabon of many chemicals in groundwater is retarded to some 
degree wth respect to the advectwe flow rate This occurs due to interactrons between the 
chemical and the aquifer matenals that tend to slow the movement o f  the chemicals The 
pnmary process influencing retardabon is adsorpoon Adsorphon is descnbed in more deml 
in Sechon 5 2 1 

5 1 3  Surface Water and Sediment Processes 

Transport processes that potentially affect the movement of chemicals via surface waters 
include overland flow dunng precipitahonfrunoff events flow from groundwater seeps, and 
advectwe transport and sediment transport in drainage channels and ponds Fate mechanisms 
include adsorpfion/desorpaon partitioning between dissolved and adsorbed phases, settling and 
resuspension of parhculate matend, volatiiizatron of  dissolved VOCs from the water column, 
and radioactive decay of radionuclides 

Chemicals in surface soils potemally reach surface waters through erosion The energy from 
falling rundrops can dislodge soil pmcles and chemicals attached to, or found wth these 
soil particles Overland flow of  runoff can then transport these parhcles to dramages, perhaps 
eroding additional soil a n d  chemical materral through nll and gully scour Chemicals also 
may be discharged from the groundwater system at seeps and enter the creeks 

Chemicals enter dramage dlannefs In either dissolved or parhculate phases, and migrate due 
to advective flow or sediment transport, respectively Advectwe flow and sediment transport 
processes are controlled by the geometric and hydraulic propemes of  the stream For 
chemicals that are sorbed to suspended solids settling and resuspension wth the sediments 
can occur as stream velocity conditions change For the dissolved fracbon of VOCs (VOCs 
exist primarily in the dissolved state) an important fate process is loss to the atmosphere 
through volatdization The chemical mass lost through volatilization depends on several 
factors including temperature flow depth chemical properties and travel time For 
radionuclides mass is lost through radioactive decay although that loss may be negligible 
depending on travel times 
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deposibon is practically complete in a penod on the order o f  one or two weeks (Mehta et 
al 1982) This consolidation process w11 eventually increase the bed shear strength wth 
respect to erosion 

Resuspension/erosion occurs when the bed shear stress induced by incoming streamflow is 
high enough to avercome bed shear strength (resistance to erosion) The rate of  surface 
resuspension/erosion is generally proporhonal to the excess bed shear stress (bed shear stress 
- bed resistance to erosion) As the bed shear stress increases, p a l e  erosion gives way to 
mass erosion Erosion of bed sediment by incoming streamflow is UeIy to occur at the inlet 
areas o f  ponds when flash floods run over shallow pmons of  the ponds This incoming flow - 

w111 carry the sediment from shallow areas to deeper portions of the pond or may carry 
sediment out o f  the pond system 

With respect to OU6 sediment transport out of the pond system is unlikely because of the 
large capacity of the terminal detenbon ponds (A-4 d €3-5) and pond operabon procedures 
to prevent this from happening (See Section 5 5  and Appendix H for detad) 

5 1 4  Ax Processes 

Processes that affect the movement of COCs at OU6 via au pathways include 

e Natural wnd erosion of -contaminated surface soils 

e Fugitive dust generabon and volablization of  VOCs from subsurface soils 
during construcbon 

e Volatilizabon and diffusion of VOCs (contamed wthin subsurface matenals 
and LJHSU groundwater) as soil gas to the ground surface 

e Volatilization of VOCs from surface water to the atmosphere 

Wind Erosion Significant atmospheric dust arises from the mechanical disturbance o f  
granular material exposed to the air Dust from these open sources is often designated as 

"fugitwe," because it is not discharged to the atmosphere through a confined space wthin a 
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surface is maximized when the existmg soil gas concentrabon of the chemical of interest at 
the ground surface is zero 

Volablization of VOCs from surface water in streams and ponds may also occur in OU6 
VOCs present in the dissolved phase may pass from liquid to gas phase and diffuse into the 
atmosphere in response to chemical concentration gradients and other factors 

5 2 MOBILITY AND BEHAVIOR OF CHEMICALS OF- CONCERN 

figrabon of COCs in vmous enwronmental media at OU6 is conmlled by transport 
processes such as advection/dispersion, sediment transport, and by a variety of physical and 
chemical fate processes such as adsorpnon and degradation The fate processes influence the 
transport of COCs by reducing transport velocity or by transforming one chemical to another 
Therefore to understand the migration of COCs in dre environment at OU6, it is necessary 
to understand how the physical and chemical processes inhence the mobility and behavior 
of these chemicals 

Physical and chemical fate processes that mfluence the mobility and behavior of chemicals 
are affected by the physical aud chemical propemes of the environmental media and the 
chemical themselves In this section first the mechanisms of  the pnmary physical and 
chemical fate processes are briefly Feviewed (Secaon 5 2 1) Second, the physical and 
chemicals properties of the environmental media and COCs, and the way these propemes 
potentially influence the mobility and behavior of COCs are examined (Secaons 5 2 2 and 
5 2 3, respectively) Finally, the mobility and behavior of the OU6 COCs are discussed 
(Section 5 2 4) 

5 2 1 Pslmary Physical and Chemical Processes that Influence the Mobility and 
Behavlor of Chemicals 

The transport of chemicals in a particular medium is affected by a vanety of physical and 
chemical processes, including but not limited to adsorption/desorpbon, ion exchange, 
hydrolysis oxidat~on/reduct~on, dehalogenabon, precipitabon complexanon, volatdtzabon, 
biodegradabon radioactwe decay colloidal transport and sediment transport The key 
processes affecting the transport of the VOC COCs at OU6 are believed to be adsorption, 
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Volatilization Volatdizafion is a process by which a chemical is transferred from soil 
(adsorbed on soil) water (dissolved phase), or liquid (free product) into soil gas or the 
atmosphere In general the tendency of a chemical to volahlize depends upon the physical 
propemes of the chemical (vapor pressure and Henry's Law constant), and environmental 
factors, such as temperature, pressure, and the avtulable pathways In the surface water 
environment the degree of volatilizahon is influenced by the depth and the velocity of 
surface water and chemical-specific properhes In the subsurface saturated or vadose zone 
environments volahlizahon of chemicals is influenced by &e depth of the aquifer the 
intrinsic permeability of the geologic matenal and the soil-water cantent in vadose zone 

Biodeeradation Biodegradabon is a combinmon of chemical transformations, includlng 
oxidation reduchon, and dehydrohalogenahon that are catalyzed by the acbon of 
microorganisms in the subsurface environment Biodegradation is potentially a significant 
process affecting the fate of organic chemicals, under certtun conditions (Olsen and Daws 

t 

1990) 

Important factors that determine if, and at what rate, .- twodegradation wll occur, include 

e The structured the organrc compound (1 e whether it is a hydrocarbon or a 
substituted hydrocarbon w111 afSect the rate of chemical reachon) 

e Whether aerobic (oxidrmg) conditions or anaerobic (deficit of oxygen) 
condihons exist in the subsurface, and what type of environment is required 
for degradation to occur 

e The microbial population in the subsurface 

e Theorganic carbon content and the concentration of organic chemicals in the 
enwonmental media 

A more detuled discussion of the potential biodegradatron of VOC COCs is given in 
Section 5 2 3 
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5 2 2 Physical and Chemical Properhes of the Media that Affect Mobility and Behawor 

As stated in Section 5 2 1, the mobility and behavior of chemicals is affected by the physical 
and chemical properties of the environmental media The physical charactenstrcs of 
environmental media at OU6 are described in Sectron 3 0 meteorology and climatology are 
discussed in Section 3 3, surface soils in Sectron 3 4, site geology in Sectron 3 5, site 
hydrogeology in Sectron 3 6, and surface water hydrology u1 Sectron 3 7 This secbon 
focuses on the physical and chemical properhes of surface soil surface water, and subsurface 
soil and water that most influence the mobility and reactrvity of COCs at OU6 These 
propemes include (1) subsurface propemes such as organic carbon content, clay content and 
mineralogy, groundwater pH, oxidatron potentral, and the avadability of microorganisms and 
(2) surface properties, including gram size dismbutwn of the surface soil, organic carbon 
content, and surface water pH 

Oreanic Carbon Content The fraction of organic carbon m geologic matenals is strongly 
correlated wth the potential for adsorptron of chemicals, especially for adsorption of organic 
compounds The parhtioning of organic-chemicals from the dissolved phase to the solid 
phase is usually proportional to the orggantc carbon content of the media Organic carbon 
content also influences bidgradation Microorganisms, required to catalyze chemical- 
degradation reactions are dependent on organic carbon as a food source Total organic 
carbon concentrations fot all media sapresented wth inorganic parameters in Appendix D 

The observed site-wde organic carbon content in subsurface soil is relatrvely low The 
average total organic carbon content, measured from 81 samples collected from the ground 
surface to 8 feet deep from 45 boreholes at OU6, is approximately 0 6 percent, ranging from 
0 05 to 1 9 percent The total organic carbon content from samples in the interval from 4 to 
8 feet deep is lower, wth an average value of 0 28 percent 

The total organic carbon content in the surface soil is relatively high as expected due to 
surface vegetation and plant roots, wth an average value of 1 2 percent 

The average total organic content in stream sediment measured from 15 samples at OU6 is 
approximately 0 88 percent ranging from 0 48 to 2 2 percent 
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Clay mineralogy is potentially significant to the adsorption process because the surface area 
and the canon exchange capacity (CEC) of clays vanes wth the specific mineralogy The 
common clay minerals can be divided into five groups smecbtes, vermiculites illites 
kaolinites, and chlontes Their specific surface area in terms of meters2/gram (m2/g) and 
cation exchange capacity can vary by orders of magnitude Site-specific informatlon for 
surface soils and subsurface matenals is limited and determinabon of the specific clay types 
present at OU6 has not been performed 

Groundwater uH Field measurements of groundwater pH ranged from 4 3 to 10 3 wth a 
average reported pH value of 7 3 The average pH value indicates slightly alkaline or near- 
neutral condioons exist in OU6 

The groundwater pH influences other geochemical charactenstics of the media The 
groundwater pH w11 affect the magnitude and vpe of surface charge on clays and other 
media solids Acidic or near-neutral pH values r e d  in-posinvely charged surfaces, and 
relatively low CEC and cation adsorptlon d u e s  Alkaline pH values result in negatwely 
charged surfaces and relatwely high CEC and c a m  - adsorptron values (Drever 1988) The 
observed pH conditions suggest that canon exchange capacity is relatlvely low However, 
it is believed that cation adsorpbon may be significant at OU6 At pH values greater than 
5 or 6 most inorganic cataons will precipitate as hydroxides or carbonates therefore, the 
mobility of these inorganic canons m groundwater or the vadose zone wl1 be reduced 

Oxidanon Potential Oxldatmn-reducbon (or redox) potential IS the potenbat for the loss or 

gain of electrons to occur (Knox et al 1993) There are several ways in which oxidanon 
potennal influences the fate and transport of chemicals in the subsurface 

First the oxidation state (reflected by the charge that an ion would have if an atom or 
molecule were to dissociate) of metals and radionuclides that have multiple oxidanon states 
determines the solubility and the stability of the species This determines the mobility of the 
chemical and, in some cases, the toxicity For example, trivalent plutonium Pu(II1) is soluble 
and mobile relatwe to Pu(IV), which forms an insoluble oxide, PuO, The oxidanon states 
of metals and radionuclides are primanly determined by the oxidanon potentlal of the 
environment At OU6 it is believed that Pu02 is the dominant form of plutonium due to the 
oxidizlng environment descnbed below 
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of clay also promotes adsorphon of chemicals to soils, thus increasing potential for COC 
migration as the soils are transported 

Surface Water DH The field parameter measurements at 30 surface water sampling locanons 
result in an average pH value of 7 8 (Appendix D), indicatmg that surface water is slightly 
alkaline to or near neutral This IS slightly more alkaline than groundwater pH conditrons 

5 2 3 Physical and Chemical Properties of COCs that Inhenee Mobility and Behawor 

5 2 3 1  Volatde ornanic Comoounds 

VOC COCs were idenhfied in subsurface soil, groundwater, and pond surface water in OU6 
(Table 5 1-1) The physical and chemical properties o f  VOCs that most influence the 
mobility and behavior in OU6 environmental media include water solubility, vapor pressure 
and Henry's Law constant (K,,), the octanol-water part&on-coefficient (KO-), and the organic 
carbon partition coefficient (K,) These properhes are descnbed in the followng section 

Water Solubility Water solubility IS perhaps the most important property of organic 
compounds in estimatmg their mobility and behavior The water solubility o f  a compound 
is defined as the saturated concentrabon of the compound in water at a given temperature and 
pressure (Montgomery and Welkom-1989) Organic compounds wth high solubility tend to 
desorb from soils and sediments, are iess likely to volahlize from water and are generally 
susceptible to biodegradabon Conversely, organic compounds wlth low solubilities tend to 
adsorb onto sorts and sediments, volahlize more readily from water, and bioconcentrate in 
aquatic organisms (Montgomery and Welkom 1989) 

Values of solubility for VOC COCs at OU6 range from 150 mg/l (PCE) to 20 000 mgA 
(methylene &lode)  as shown in Table 5 2-1 In general the solubilities of these 
compounds are moderate to relatively high 

Vapor Pressure and Henrv's Law Constant The vapor pressure of a substance is defined as 
the pressure exerted by the vapor (gas) of a substance when it is under equilibnum condihons 
given specific temperature and total pressure (Montgomery and Welkom 1989) This 
parameter is used to calculate the Henry's Law Constant Kh which is defined as the ratio of 
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5 2 3 2  Semi-volatde Ornanrc ComDounds 

SVOCs have been detected in OU6 subsurface soil, pond sediment, and stream sediment The 
characteristics that were considered the most important for understanding the mobility and 
behavior of SVOC compounds are the solubility, Henry's taw constant, octanol-water 
parbtion coefficient and organic carbon parbbon coefficrent These charactenstics are 
explamed in Section 5 2 3 1 ,  and discussed wth regard to SVOCs below 

Water Solubilitv The SVOC COCs identified in OU6 media, excludmg di-n-butyl phthalate, 
have very low water solubilities that range from 10 &I [benzo(a)anthracene and 
benzo(a)pyrene] to 400 pgA [bis(2-ethylhexyl)phthalate] (Table 5 2- 1) These compounds 
have low solubiliaes due in part to the high molecular weight of the nonpolar molecules 
Di-n-butyl phthalate has a water solubility of 400 mgA 

Henry's Law Constant K, for the SVOC COC compounds idenbfied in OU6 range from 
approximately 3 x 10 2o for indeno(1 2 3-cdhyrene to 6 x 10' atm m3/mole for di-n-butyl 
phthalate (Table 5 2-1) indicating low to moderate voIatility 

Octanol-water Parhtion Coeffient (K,) and Orrranic Carbon Partition Coefficient (KA The 
KO, and KO, values for SVOCs at OU6 range from approximately 1 6 x lo4 
(bis(2-ethylhexy1)phthalate) to 5 x IO7 (mdeno( 1,2 3-cd)pyrene) 

5 2 3 3  

Barium has been identified as a COC in subsurface soil Anhmony, silver vanadium and 
zinc have been identified as COCs in surface soil and pond sediment Cobalt strontium 
vanadium, and zlnc are identified as COCs in Walnut Creek streamldry sediment As 
descnbed in Section 2 1, "dry sediments" are sediment samples collected in A- and B-series 
pond inlet areas by the RFP method No metals were idenbfied as surface water or 

groundwater COCs 

The physical and chemical properties of these metals that influence their mobility and 
behavior include oxidation states and solubility and precipitation and co-precipitation At 
OU6 the oxidation states and solubility and their effects on sorption appear to be the key 
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processes influencing mobility and behawor Physico-chemical properhes of  the COC metals 
are provided in Table 5 2-2 
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Strontium (Sr) an alkaline earth metal is a very common element replacing calcium or 

potassium in igneous rock Stronhum occurs only in the +2 valence state in the environment 
SrSO, is very soluble in water, whereas, SrCO, is only slightly soluble in water 

The aqueous geochemistry of vanadium (V) is very complicated Three oxidabon states (+3, 
+4 and +5) can be stable in an aqueous system, but the dominant forms are +5 anionic 
complexes wth oxygen and hydroxide Vanadium does not naturally occur in highly 
concentrated forms, native soil concentrations for vanadium range from 20 to 500 mg/kg 

In aqueous solutions, nnc (Zn) IS present in the +2 oxidahon state AtpH values up to about 
8 zlnc occurs in aqueous solubon as Zn” (and zlnc sulfate species i f  sulfate is present) 
whereas at higher pH values m c  carbonate and zlnc hydroxide species predominate (Battelle 
1984) Zinc would be expected to be a relatively mohle metal in oxidinng conditions such 
as those believed to exlst at OU6 Zinc is sorbed onto hydrous oxldes of manganese and 
iron organic mated,  and clay minerals 

5 2 3 4  

Nitrate was identified as a COC in the UHSU groundwater at OU6 Nitrate is the m a n  form 
in which nitrogen occurs in groundwater Nitrate is a negatively charged species consishng 
of nitrogen and oxygen, referred to as an uxyanion Nitrates are highly soluble and, typically 
concentrations in groundwater are not limited by solubility construnts Due to nitrate’s 
soluble nature and its anionic form it is highly mobile and has the propensity to be 
transported over long &stances Nitrate does not adsorb onto aquifer matenals and it does 
not precipitate as a mineral These two factors allow large quanbties of dssolved nitrate to 

remain m groundwater 

5235  Radionuclides 

Radionuclide COCs in UHSU groundwater subsurface soil, surface soil, pond sediment and 
stream1dry sediment at OU6 are Pu-2391240 Am-241 and Ra-226 U-2331234 U-235 and 
U-238 were also identified as COCs in subsurface soil The physical and chemical properties 
of these species that most influence the mobility and behavior in environmental media are 
oxidation state, solubility and radioactwe decay 
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m o -  Dec;gy, Radtoactrve is anothsr key behawar of r&onudides It is a first; 

order kinrrtrc prsCtss end can be expressed in terms o f t  m t  half-life The radmnudidaa 
of concern have very long half-lives, mrtgmg from 433 yeara (Am44l) to 4 47 x lo9 years 

(?J-238) (Grfbsrt ot d 1989) as listed in Table 5 2 3  



. 
5 2 4 Mobility and Behavior of COCS 

The mobility and behavior of COCs at OU6 were evaluated by examining the potential for 
adsorption biodegradabon, and volablizabon to occur wthin the var~ous environmental 
media In the followmg discussion, organic compounds (Section 5 2 4 1) are discussed 
separately from metals and radionuclides (Section 5 2 4 2) due to the diffenng importance of 
the processes that affect the mobility and behavior of these chemical groups 

5 2 4 1  Mobilitv and Behavior of Ornanic Cembound COCs 

The mobility and behavior of organic compound COCs at OU6 are believed to be dominated 
by biodegradation volatilizahon and adsorphon These processes, as they apply to the 
vmous media of OU6 are discussed below 

Biodepradatton Literature values for organic compound COC biodegradation rates are listed 
on Table 5 2-4 Each of the VOC COCS at OU6 is classified as a chlorinated hydrocarbon 
based on the chemical constituents of the compound Biadegradatton of halogenated aliphatrc 
compounds such as chlorinated hydrocarbons may occur under anaerobic conditions Aerobic 
treatment of chlorinated solvents shows that less chlorinated solvents (e g TCE and TCA) 
are degradable under methanotrophic conditions (EG&G 1994) However biodegradahon of 
highly chlorinated hydrocarbons under aerobic conditions occurs very slowly i f  at all (Vogel 
et a1 1987) 

The biodegradanon of an SVOC (napthalene, benzo(a)pyrene, and benm(a)anthracene) is 
based upon the complexity of the SVOC chemical structure In general, SVOCs wth two to 
three aromatic rings are readily degradable (General Physics 1990) Studies suggest 
degradafion of SVOCs wth more than 3 aromatx nngs (eg pyrene) is enhanced when a 
primary substrate (e g , napthalene) is present 

The subsurface environment at OU6 exists under oxidizlng (aerobic) conditions wth relatively 
low organic carbon content, as described in Section 5 2 2 Thus in general the subsurface 
at OU6 IS not believed to be a favorable environment for biodegradation of chlorinated 
hydrocarbons In  addition the natural field conditions are not favorable for microorganisms 
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Kd = f, K, 

(Olsen and Davis 1990) 

where 

f, - - the fraction of  organic carbon content (dimensionless), 

KO, - - the organic carbon parhaon coefficient (L3/M), 

and where adsorpbon to inorganic adsorptive sites is ignored Table 5 2-5 presents the soil- 
water partitioning coefficient, Kd, for each organic compound COC, calculated using Equation 
5 2 1 based on the range of  total organic carbon content in the respectwe medium where the 
compounds were detected and the K, values in Table 5 2-1 

The effects o f  adsorption on groundwater contaminant migranon are expressed in the fate and 
transport equaaon for groundwater by the retardaaon factor, R Under the linear adsorption 
isotherm assumption (1 e , the amount of a solute adsorbed onto a solid is linearly proportional 
to the concentration of  the solution) R can be calculated using the followng expression 
(Javandel 1984) 

where 
pb - - the soil bulk density (in M/L3) 

n e  - - the effective porosity of the aquifer (dimensionless) 

Kd the soil-water parhaon coefficient (in L~/M) - - 

A range of retardation factors for each COC calculated using Equation 5 2 3 are presented 
in Table 5 2-4 The VOC COC retardation factors are in the range of  slightly greater than 
one to about ten indicating the migration of VOC COCs is retarded by adsorpbon by up to 
a factor of  ten 

It is important to note that at OU6 the concentrations of organic compounds in groundwater 
are significantly less than 1 part per million (Section 4 6) Therefore the process of 
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adsoxptron and the resultrng retardabon is expcted to severely h i t  the transport of organic 
compounds in groundwater at OU6 
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a 

Colloidal Transport The high potennal for adsorption of  radionuclides and metals limits the 
transport of these species in the dissolved phase However species adsorbed to colloids are 
not subject to the same adsorptive forces that tend to retard transport o f  dissolved-phase 
groundwater contaminants Rather these adsorbed compounds move wth the colloids which 
are transported by advecnon and are restncted by settling filtranon, and aggreganon of 
particulates 

COC radionuclides have been detected above BSLs in unfiltered gmundwater samples at low 
activity concentrations in the A-series Ponds area The radionuclide Qstnbuaons do not 
appear to indicate substanad radionuclide migration in groundwater by colloidal transport or 
other processes There are no groundwater COC metals, thus colloidal transport of metals 
is not significant from a human health nsk assessment perspective 

Wind Erosion Based on prevading wnd directrons the arborne dispersion o f  surface soils 
disturbed by w n d  erosion in OU6 has the potennal to-spread radionuclides and metals further 
east, east-southeast and southeast (Sectrm 3 3) The wnd erosion processes generally 
involve initial disturbance of surface sals transport o f  partxulate matter and deposiaon of 
particulate matter as discussed in Section 5 14 These processes are affected by the wnd 
conditions including speed and direcbon (Secnon 3 3 and Appendix I), ground surface 
condihons including roughness and cover, topographic conditions, such as steepness of  the 
slope and surface soif condibons, m&ng parhcle sizes, soil texture and structure, organic 
content, and moisture content 

Because radionucfide (and metals to a lesser degree) parhcles are almost always aggregated 
wth soil partxles the processes that control their movement in the surface and a r  
environments are the same as those that control movement of soil particles in the surface and 
air envrronments Whether soil particles can be lifted by the wnd, depends upon the wnd 
speed near the ground surface and the particle-size distribution of the soil The amount of  
surface soils that could be lifted into the atmosphere is designated as erosion potential 
Quantitative evaluation of  annual average erosion potential at OU6 is discussed in Appendix I 

and summarized in Section 5 6 

Once soil particles are lifted from the ground surface into the atmosphere the nme, distance, 
and height above the ground that the pmculate can be transported depends on the w n d  
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speed at the corresponding herght and soil prvhcle size Usually, the smaller the particulate, 

the longer, the higher, and the further It can travd cdiordal s m  part~les (arrborne 
parhculate matter) suspended in the atmosphere can potenbdly be transported by wnd over 

a great &stance for a very long trme penod Suspencled soils wrll tend to d e  closer to the 

complicated and highly transient processes, depnLng e-mze dtstnbutmn d 
erodibility as a functton of wnd sped 

Sedrment Sdment trrnsport is p 
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flow trausport M a n d  flow JS off r m  fianr stom events 
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ranfall mtensity sh as the r o ~ e s s  and the 
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influence wnd eroslon The nnnd erostQa and water emson 
is associated wrth the rll 

area of onginaQon when the wrnd speed decreases Setd W m V W  

- 

At OU6, the m o  ovdand flow depunds on the lnghly vanable 
and the longer the ruafJl penod, the greater 

a parameter used to quimfY the capattiiity of rcunfaI1 to thesoilloss Ram 

the so11 gram sizes md the other relevant 
The qUnhfiCaaOn ofthe soil erochbility at OU6 is discussed 

-\=\I 
Once the soil parhcles are suspended in the overbnd flow, they are transported along wth 
the flow, wth settling and resuspension, dependmg on the var~atmn ofthe flow rate atong the 
pathway Due to the vanahon of the topographic con&tt<rsrs and the vege&tQcm condihons, 
it is expected that rtdeposibon or rtsuspensron may occur on the hilkdes of OU6 
Therefore, redstnbmon of the radionuclides over the hillsides may occur 
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Once soil pmcles and associated contaminants are transported into creeks, their movement 
wll be controlled by the transport mechanism of open channel flow Sediment transport in 
open channels is pnmmly affected by the channel flow condihons (including the flow rate, 
the slope of the channel the wdth of the channel the depth flow in the channel), and the 
physical charactenstics of the parhcles (size shape and density) However, at WETS, creeks 
flow intermittently, more or less associated with precipitatmn events and pond operations 
The transport of the contaminated parhcles is expected to be Felahvely significant dunng or 
immediately after storm events Dunng lower flow perrods between storm events, parhcles 
will tend to settle and transport will be less significant Therefore sediment transport in the 
creeks is a disconhnuous process 

5 2 4 3  Nitrate 

As described previously nitrate is highly mobile an aqueous environments, because of its high 
water solubility and lack of adsorpaon to solids Therefore, nitrates observed in OU6 
groundwater are expected to be transported large distances in the UHSU However, the 
distribution of nitrates in the Valley Fill Alluwum in the North Walnut Creek dramage north 
of the Solar Ponds (Figure 4 6-15) suggests that the nitrates are not transported significant 
distances in groundwater at the site Dilution of nitrates in groundwater may account for 
some of the decrease in concentrations in the downgrdent direction 

5 3 OU6 COC MIGRATION PATHWAYS 

Contaminant migration begins when chemicals are released to environmental media, and 
continues as the contaminants are transported by various processes (Sectton 5 1) and are 
subjected to geochemical processes that affect their mobility and behavior (Section 5 2) This 
discussion of COC migrahon pathways follows the transport of COCs from source release to 
potential receptor locattons through the transport media 

COCs were directly released into the OU6 environment at several source areas (IHSSs) where 
waste materials were disposed of or stored These IHSSs were primary sources of 
contamination to local areas of surface soils and subsurface soils COCs migrate from these 
local areas to larger areas w t h i n  the affected medium and to other media (I e surface water 
air) Thus the locally contaminated areas act as secondary sources of contamination 
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e AOCNo 4 
- IHSSs 142 5 to 142 9 (B-senes Ponds) 

The AOC discussions descnbe the migrabon of COCs in surface water mr, groundwater, and 
the vadose zone Potential COC migrafion pathways for the AOCs are presented in schemafic 
form in Figures 5 3-1 to 5 3-3 

5 3 1 Area of Concern No 1 

COCs were released at IHSS 167 1 (North Spray Field) due to spraying of waste water to 
enhance evaporabon The spray water onginated from the west landfill pond at WETS and 
footing dram water from Buildings 771 and 774 located in the IA (DOE 1992b) Surface 
and subsurface soils in the area show evidence of COCs from the spraying actiwties Surface 
soil COCs detected in area surface soils include metals at low concentrabons (anhmony, 
vanadium and nnc) and radionuclides (amencium and plutonium) Subsurface soil COCs 
detected in boreholes in the area were banum and several radionuclides (amenciurn, 
plutonium, U-233/234, and U-238). Potennal migrtrhon pathways from this AOC are 
presented on Figure 5 3-1 

Surface water and wnd erosion are the chief processes that potenbally transport surface soil 
COCs from the IHSS 167 1 area Ea& o f  the metal and radionuclide COCs in the area are 
strongly adsorbed to sal particles, based on their physicochemical properhes (Secbon 5 2) 

Therefore, their mobility in the environment is highly dependent on the transport of  the soil 
particles to which they are adsorbed 

Surface soil particles and COCs may be mobilized due to storm events and carried in storm 
runoff (overland flow) until discharged to the Unnamed Tnbutary o f  Walnut Creek, the 
stream channel in the wcinity of IHSS 167 1 COCs may be redeposited wth surface soils 
before reaching the tnbutary i f  soil particles settle out of the overland flow COCs that 
discharge to the Unnamed Tnbutary are transported by rolling or sliding on the stream bed 
or by suspension due to the turbulence of the stream flow COCs in stream flow may be 
redeposited wthin the stream channel 8s particles settle out 
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COCs that are transported whin the channet mry UtrnSMtsiy be dsposltbd in the Walnut and 
Indana (WStI) Pond The W&I pond IS located dewnstrcram of the coafluence af the 
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COCs were r e l e d  k the AOC No 2 area fkom d t r p a b  mires Ledraga of drums stored 
in the Tnangle Area resulted in VOC and radionuclide COCs in trtrfra and stabmrfwe soils 
Contaminated sludges from the WWTP that wem placed in drying beds in the Sludge 
Dispersal Area were a source of donuchdes and nitrates to area sods Rad~muclides were 



also present in soils excavated from the IA that were hsposed of at the Soil Dump Area 
Other sources of COCs to the area include migraaon of nitrates in groundwater originatmg 
from the OU4 area, and potentially, deposited fugiave dust from areas outside of OU6 
Potential migration pathways for COCs in this AOC are shown on Figure 5 3-2 

Residual contaminahon (metals radionuclides semi-volahles) M surface soils is subject to 
surface water and w n d  erosion Surface soil COCs can be dislodged due to precipitaaon and 
transported wth sediment in overland flow Surface water in this AOC may flow either to 
North or South Walnut Creek depending on the locabon wthin &el€iSS, as the area is 
bisected by a topographic ndge (see Figure 3 7-1 for dramage sub-basin boundaries) COCs 
in overland flow may be redeposited before entering the creeks as particles settle COCs that 
enter the creeks are transported as bed or suspended load in the creeks Adsorbed COCs may 
be re-deposited in the creeks or discharged to detention ponds in the dramages The 
sediments in the ponds potenaally could be resuspended during large storm events, allowng 
for the possibility of discharge of  contaminated sediment -firom the ponds to the creek, and 
possibly to offsite locabons This s c e n m  is considered highly unlikely due to the 
effectiveness of the ponds in trapping sediments The process of  sedimentabon is descnbed 
in Section 5 1 3 More detail on COC rnigratm in the detenaon pond system is provided in 

the discussions of AOCs 3 and 4 (Sections 53 3 and 5 3 4) 

Surface soil COCs re-suspended in m t - s  fugitive dust due to w n d  erosion may be dispersed 
to other areas of OU6 or potenoally to &site areas Fugihve dust may be redeposited on 
surface soils or surface water Dust that is redeposited on surface soils is subject to 
subsequent wmd or surface water erosion Dust that settles onto surface water may settle to 
the bottom of the stream or pond becoming sediment deposits 

Residual VOC contamination in subsurface soil may migrate as soil gas Volatdization of 
VOCs in subsurface sails may occur, resulting in the formaaon of  soil gas that may diffuse 
to the atmosphere and chsperse in au 

Residual contaminants (VOCs and other chemicals) in subsurface soils also may be leached 
by infiltrating precipitation and carried to the saturated zone These dissolved chemicals may 
re-adsorb to soils in the vadose zone or reach the saturated zone and be transported wth 

groundwater In addition, contaminated groundwater from other OU locabons, such as OU4 
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pathways from AOC No 1, AOC No 2 AOC No 4 (1 e ,  water transferred from the B-senes 
ponds) and from source areas outside OU6 such as the IA and OU4 COCs have been 
observed in pond water stream/dry sediments and pond sediment, and UHSU groundwater 
in AOC No 3 These vanous contaminated media can interact wth each other at a part~cular 
location or COCs can be transported to affect downstream areas, as discussed below 

Migration of COCs in surface water and mr from upstream locabons such as the IA have 
resulted in COCs in stream and pond dry sediments in AOC No. 3 Dry sediments are 
collected either along stream reaches between the ponds or in the mlet ureas and shorelines 
of ponds The dry sediments and any adsorbed chemicals are subject to wnd  erosion and au 

transport processes that transport the fugitive dust and associated chemicals to downwnd 
locations The fugitive dust and chemicals can either be redeposited to downwnd onsite 
soils, or potentially can be transported to offsite locatms If redeposited to onsite soils they 
can be subject to wnd erosion and ar transport processes or to surface water erosion and 
transport processes, described below If the fugitwe -dust settles onto surface water, it may 
settle to the bottom of the pond or creek =-wet sediment deposits 

1 .  

Surface soils or dry sediments and associated adsorbed chemicals are also subject to surface 
water erosion and transport This can occur dunng storm events due to overland flow in 
areas away from the creeks or as creek bed erosion and sediment transport wthin the creeks 
The soils and sediments and assoctortsd chemicals may be redeposited onsite (including to 
ponds) and subjected to further wind andor surface water erosion and transport, or may be 
transported to offsite locations Transport of COCs to offsite locations via surface water 
processes is considered unlikely because of the presence of the A-senes ponds, which 
effectively capture sediments transported along Walnut Creek 

During the OU6 Phase I investigation, detections of COCs in AOC No 3 surface water were 
limited to methylene chloride detecbons in the A-senes ponds No COCs were detected in 

creek surface water However transport of chemicals in OU6 surface water may occur in the 
future due to erosion of contaminated soil and sediments This discussion is limited to 
dissolved phase contaminant migration in surface water Chemicals adsorbed to solids 
whether in suspension or in the creek bed or pond bed, wll be discussed below in relabon 
to creek and pond sediments COCs dissolved in creek and pond water may be transported 
downstream via advective and dispersive processes The contaminated water can be 
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VOC constituents in groundwater can be volatilized to soil gas and then to onsite atmosphere 
Once in onsite am, the VOCs are expected to disperse to levels below detecbon limits pnor 
to reaching offsite locafions 

5.3 4 Area of Concern No 4 

COC contaminant transport in AOC No 4, which compnses the South Walnut Creek dramage 
and includes the B-series ponds, is expected to be very simrlar to COC transport in AOC 
No 3 The contaminated media and pathways are very similar although &e COCs and their 
distribuaon and concentrabons vary from those in AOC No 3 

In AOC No 4 COCs have been shown to be present in dry sediment, pond surface water, 
creek and pond sediment, and groundwater The pnmary sources o f  COCs to AOC No 4 are 
believed to be OU6 AOC No 2, groundwater plumes from OU4 (nitrates), contaminated 
groundwater seepage from OU2 (VOCs) and possibly, contaminated surface water runoff and 
fugibve dust from areas outside OU6, Such as the IA 

COCs in dry sediments pond water, and creek and pond sediments in AOC No 4 are 
expected to be transported via the same processes as descnbed for AOC No 3 

Groundwater VOC COCs have bem observed in a few wells located west o f  Pond B-1, the 
westemmost B-senes pond In parttctttar, vinyl chlonde has been detected at high 
concentratlons in samples from Well 3586 located approximately 600 feet west of the Pond 
B-1 inlet However 110 VOCs have been detected in Well 3686 located near the inlet o f  
Pond B-1 Therefore, it appears that the VOC COCs present in the Valley Fill Alluvium near 
Well 3586 are not migratlng at significant concentrations as far as the inlet area for Pond B-I ,  
and are not expected to affect areas further downgradient One o f  the mechanisms acting to 
reduce the VOC concentrations in the groundwater is believed to be volathahon as 

discussed in Section 5 4 1 

Similarly low levels o f  nitrate and radionuclide COCs in groundwater are not expected to 
migrate at significant concentrations to the B-senes ponds Nitrate concentrations, which 
occur at low levels in the vicinity of Well 3585 drop to less than 1 mg/l at Well 3686 Am- 
241 and Pu-239/240 activity concentrations at Well 3586 are very low (less than 0 01 pCiA) 
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These COCs are not expected to migrate substanttatly due to tkRIr strong affinity for 
adsorption * - 

S 4 GROUNDWATER EVALUATION 
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5 4 1 Summary of Vinyl Chloride Modeling 

Analytical modeling of the migrabon of vinyl chlonde in groundwater was performed to 
estimate potential downgradient concentrations of vinyl chlonde, and to provide an 
explanation of the distnbubon of this chemical Vinyl chlonde was observed at Well 3586 
at concentrations ranging from 200 pg/l to 860 pg/l dunng the 1991 to 1993 period Well 

3686, located approximately 600 feet east and hydraulically downgradient of Well 3586, had 
no detections of vinyl chlonde in the eight samples cdlected dunng that period The 
preliminary explanation for the lack of migration of vinyl chlonde from Well 3586 to Well 
3686 is that volatilizabon depletes the chemical frem groundwater before it amves at the 
downgradient location Dilutton may also contribute to the decrease in concentration 

As descnbed in Section 5 13 ,  volatilization of VOCs such as vinyl chlonde occurs as 

successive unimolecular layers of the chemical are peeled away from the surface of the 
contaminated zone which is, In this case, the UHSU groundwater potenbometnc surface in 

the Valley Fill Alluvium in the vicinity of Well 3586 The rate at which volablization of 
vinyl chloride potenbally occurs IS proportional to the Henry's Law constant for this chemical 
As shown on Table 5 2-1 a representative Henry's Law constant for vinyl chloride is 1 22 
atm-m'/mole The range o f  Henry's Law constants for vinyl chlonde based on a review of 
related literature is 0 022 to 2 38 atm-m'/mob (Appendix G) The volatility of vinyl chlonde 
is substantially greater than that of sther VOCs detected in OU6 

An analytical groundwater contaminant transport equabon incorporating advection and 
volatilization (Appendrx G) was developed and used to esbmate concentrations of vinyl 
chloride downgradient of Well 3586 The fate and transport processes of dispersion 
retardation, and biodegradation, discussed in Secbon 5 1, were conservatively ignored in the 
development of the equahon The followng assumphons were made in the applicabon of the 
solution 

0 Groundwater flow in the Valley Fill Alluvium is uniform, one-dimensional and 
steady 

0 Solute transport occurs under steady-state conditions 
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Nitrates were observed at higher concentranons dunng the same time penod at wells located 
in the IA north of the solar ponds (P208989, P209589 and P209889) These wells are 
located between the solar ponds and the interceptor trench system (ITS, a k a "French dram") 
located to the north of the ponds (Figure 3 6-1) The maximum concentranons of 
nitrate/nitrite for the 1991-1993 penod at wells P208989 P209589, and P209889 were 4,010 
mgA, 5 600 mgA, and 8,260 mgA, respectfully 

As shown on Figure 3 6-1 the UHSU groundwater flow direction north of the solar ponds 
is northward North of the solar ponds groundwater flows toward the North Walnut Creek 
dramage discharging to Valley Fill Alluvium in the ehannel area. Wells P208989 P209589, 
and P209889 are considered to be hydraulically upgradient of the North Walnut Creek wells 
in AOC No 3 Contaminant concentrations, therefore, decrease in the direcbon of flow 
suggesting that the nitrates are all part of the same groundwater plume, and that they are 
migrating from the solar ponds area to the dramage 

Correlabons between nitrate concentrations ova ame in OU6 wells and changes in operanons 
at the solar ponds provide another indicatron that the solar ponds are the source of nitrates 
to OU6 Solar pond sludge cleanout began in mid-1986 (DOE 1992b) The removal of the 
sludge, and the termination ofroutme placement of process waste in the ponds correlates wth 
a dramatic decrease in nitrate concentranons in OU6 groundwater as shown at well 3086 
(Figure 5 4-1) located south of the ITS,.and wells 1586 and 1786 (Figures 5 4-2 and 5 4-3, 
respectively) located in the North Walnut Creek dramage This correlation indicates that OU6 
nitrate concentrations are the result of migration of contaminatton from the solar ponds 

Also of note is that the observations of decreasing nitratehitnte concentranon in wells both 
upgradient (3086) and downgradient of the interceptor system (1 586 1786) indicate that 
contaminated groundwater flowed (and continues to flow, albeit at lower concentraaons) from 
the solar ponds area to the drainage despite the presence of the ITS This conclusion is 
consistent wth earlier studies that concluded ''elevated levels of nitratehitnte, radionuclides 
organics and other analytes detected in alluvial and bedrock wells north and downgradient 
of the [ITS] suggests that contaminant migration persists despite the presence of this 
contamment system" (DOE 1992 RCRA Report) 
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5 4 3  Trcaeb A m  W)C Contamination i 
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5.5 SURFACE WATER FLOW AND CONTAMINANT TRANSPORT MODELING 

This secbon summarizes the surface water modeling conducted as part o f  the OU6 Phase I 
RFI/RI The detruls of the surface water modeling acbvities are presented in Appendix H 
of this report Sections, tables, or figures that are applicable to the modeling and are 
referenced in full numenc form (e g , Secbon 4 0, Table 5 5-2, or Figure 5 5-3) appear in the 
main body of this report When they are referenced beginning wth letter "H" 
(e g Section H2 5 Table H 4  2 or Figure H5 l), they appear in Appendix H 

A comprehensive mathematical model, the Hydrological Simulabon Program - FORTRAN 
(HSPF) (Bicknell et a1 1993), was applied to slmalate the movement o f  water, surface soil 
sediment, and associated chemicals to and though dmhes, creeks, and ponds in the Walnut 
Creek surface water system The model slmulatesthe migration of chemicals from pnmary 
source areas in OU6 to Walnut Creek (and eventually to the eastern facility boundary at 
Indiana Street) The pnmary objective of the surface water modeling was to esbmate long- 
term average concentrabons of  selected contamnants in sediment and surface water in Walnut 
Creek and in the A- and €3-senes ponds for use inthe human health nsk assessment ("RA) 
(Section 6 0 and Appendix J) 

A second objective of the modeling effort was to establish a modeling tool capable of serving 
objectives other than human health -tr& assessment such as providing stream segment data 
for ecological assessments, modeIing chemical loads from outside OU6 (such as groundwater 
seepage from OU2) supporbng evaluabon of  future use scenarios at Rocky Flats, and 
performing remediabon/fembility studies 

For purposes of the HHRA the model was used to esbmate reasonable maxlmum 30-year 
mean concentrations of selected chemicals (discussed in Section 5 5 1) in the followng media 
and locations 

e Accumulated pond sediment in each of the A- and B-series ponds 
0 Water in each pond 

The 30-year period was selected to correspond to the reasonable maximum residential 
exposure duration evaluated in the "RA (open space recreational use) The model was used 
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to g e n a  30 slrnuldons of 30-yuar avcragecancentr~ons 4basomble mlwmum 30-year 

exposure concentraaons were then Caculated, equrvrtent to the 95 percent upper confidence 
limits (95% UCLs) on the mean of 30 modd results Modeled amcentra@ons M pond surface 
water and sedtment were d to represent expasure concentrattons for onnte rucep-brs 

Fate and transpertmodaing to amate o h t e  exposure 

report because, as agreed by P A ,  CDPHE, rad- 
evaluated in the "Wk for inLviduat onstto OU 
potentd nsk to offsite receptors is evaluated an &n 
in a comprehensrve !u&-mde XHRA 

s s  1 Sdectiea of Modeled c o r t 8 d n  

To support the OU6 HEfRA, only SOUTC were d to estlsmate CORtamlMnt 

soils and streun/Pond ware not 

ons IS not included HI thw 
to offiats mseptors is not 

loads to the Walnut Cmk dtun 

considered a sqpficant 
degree of COCs 

Fate and tmspo 

the modol-bcause &he extent and 

thew OoncsMtratrOns 200140#&)durtf.tsdtrsrspart 

30-year ttme frame 

e sod antitmay, sriver, vamcimn, nnc, Pu-239/240 and 
mgms and the ndranuclides are camnogens Of these, 

most to h d l  nslt were selected for moddmg, namely 
Anamony was selected as the "worstlc;~56" d to Am441 

D 

-. 
e Antnnony IS the most tomc of the metds in OU6 surface sod and 

contrrbuted 80 percent of the totrl nSk fktor in the conccntraaodtorncrty 
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e Concentrmons of the other less toxic metal COCs are not high enough to 
outweigh the potential effects of  anamony 

e The contnbution of  metals to overall risk wd1 be relatively minor compared 
to that from radionuclides Therefore a single representame metal is adequate 
to demonstrate impacts on surface water and sediment from metal COCs in 

surface soil If estimated anamony concentrations in surface water and 
sediment resultrng from transport in storm runoff are shown to be of no 
concern for the HHRA, other metal COCs in surface sorl wll also be of no 
concern 

A total of  14 COCs were idenafied in pond sehment and stream sediment These included 
six SVOCs (including PAHs and Aro&r-1254) and the same four metals and two 
radionuclides idenafied as COCs in surface sot1 hr addiaon, cobalt and strontwm were 
idenafied at concentrations above background levels in stream sediment However, only 
antimony Am-241 and Pu-239/240 were mduded in the-HSPF model because these three 
contaminants are COCs in surface solls and thus there is a source (external to the creeks and 
ponds) which can possibly increase concentra&ons of these contaminants in the ponds The 
other COCs idenafied in pond sediment and stream sediment were not modeled because they 
are not COCs in surface sotis and thus there is not a significant external source o f  loading 
to the creeks and ponds For these other COCs, measured concentrations, rather than modeled 
concentrations were used in nsk assessment Using measured concentrations to predict future 
concentrations of  organic COCs, cobalt and strontium is conservative because wthout a 
source current concentrabons of these contaminants are not expected to increase 
Additionally a screening-level evaluation of migrabon of pond sediment showed that 
contaminants are not likely to migrate out of the senes of detention ponds to Indiana Street 
(Attachment A in Appendix H) 

5 5 2 Application of  HSPF to the OU6 Surface Water Modeling Study 

The WETS hydrologic dramage system includes three major intermittent streams Woman 
Creek Walnut Creek, and Rock Creek as shown in Plate 5 5-1 The general flow pattern is 
from west to east Because of  the regional topography, these dramages extend westward only 
a short distance The western reaches of these drainage basins are characterized by a broad 
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The land segments were delineated to be consistent wth the Storm Water Management Model 
(SWMM) elements of the "Rocky Flats Plant Dramage and Flood Control Master Plan" 
(EG&G 1992c) The smaller dramage areas to each of the ponds were selected to be 
consistent wth areas in the "Event-Related Surface-Water Monitonng Report Rocky Flats 
Plant Water Years 1991 and 1992" (EG&G 1993b) These elements were delineated using 
topographic contours and information on soil charactenstm such as infiltrahon rates 

The number of model elements was appropriate for the amount of data available for 
calibration and consistent wth the objecbves of the wrrent modeling study The IA, for 
example, was only divided into three pervious segments (P7 P8, and P14) and four 
impervious segments (I1,12, I3 and 14) because there are no gaging data to measure runoff 
from smaller segments For future studies, additional computational segments could be added 
to the existing HSPF model 

Nine ponds were included in the HSPF model - the four A-semes ponds and the five B-senes 
ponds The small flow-through pond along Walnut Creek near Indiana Street (known as the 
W&I Pond) upstream of where Walnut Creek leaves the WETS eastern boundary was not 
modeled because of its low storage capacity and the lack of volume data for this pond 
Avulable flow data indicate that this pond has little impact on dmly average flows through 
the downstream gaging station GS03 For example, the flow data show that the W&I pond 
does not attenuate flows between Pamc A-4 and the gauging stabon GS03 The W&I pond 
is an element that could be added in future modeling efforts 

HSPF is kinematic in the sense that downstream elements have no influence on upstream 
elements In the OU6 network, no land segments are downstream of reaches, spillway flows 
from ponds go directly into the creeks below the dams The gaging stations shown on 
Plate 5 5-2 are not elements in the hydrologic model but are shown to illustrate calibrabon 
points For example flows through GSlO are illustrated as the surface water outflows (1 e ,  
outflows other than infittration) from Reach 19 
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program developed by Advanced Sciences Inc that uses the Penman FAO-24 Equation 
(Doorenbos and Pruitt 1975) 

For the nine ponds that were simulated inputs to the HSPF model include tables relahng 
pond depth to surface area, pond volume, and spillway outflows Depth/area and 
depth/volume relationships were eshmated based on the 1992 pond survey data (Memck and 
Company 1992) Spillway flows as a funchon of pond depth were calculated using a 
commonly accepted weir equation (Linsley et al 1992) For this model, it was assumed that 
infiltration through the pond bottoms and seepage under the toes of the dams were negligible 
for the followng reasons 

0 The dams were constructed from impermeable matenals and some of them 
were keyed to bedrock 

a The terminal ponds are clay lined 

0 Unpublished water budget studies of the ponds conducted for this modeling 
effort have indicated minimal seepage under the dams as well as minimal 
leakage from the ponds into subsurface matenals 

For the stream reaches in the model, depth/area and depth/volume relabonships were 
estimated from stream cross section measurements at WETS These data are a necessary 
input to HSPF to perform hydraulic routing through the creeks and ditches For the HSPF 
model to account for bosses from creeks and ditches due to infiltration, potentmi infiltration 
rates must be supplied by the user These rates were estimated outside of HSPF using a Soil 
Conservation Service survey (Price and Amen 1980) and input to the OU6 model 

Based on local hydrogeologic informabon it was determined that inflow of groundwater from 
areas outside of the Walnut Creek surface water system is minimal, and thus no such inflows 
were included in the OU6 model The hydrogeologic information does indicate however that 
local groundwater (originating as precipitation in the Walnut Creek watershed) contributes to 
flows in the creeks and ditches This flow was included in the OU6 model Interflow, flow 
in the unsaturated zone that resurfaces as overland flow was also included in the model 
Groundwater flow and interflow were allowed to enter the creeks (dunng and after 

(4047 910 0025 521m7 SX9/19/95 10 10 MXI) 5-48 



precipitation events) 
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e To ensure that each pond is kept sufficiently full to keep pond sediments moist 
and to protect sediments from wnd erosion 

e To protect the structural integnty of the dams for Ponds A-4 and B-5 by 
keeping the water elevanon below certan levels 

The timing of  releases from Pond A-4 Pond A-3, and Pond B-5 depends upon these three 
factors and any model of  the OU6 surface water hydrology must incorporate these operabons 

Histoncally, the objectives of  the pond operations were achieved by implementmg decisions 
on a dmly basis rather than by followng a consistent set of operatmg rules However 
records o f  releases are not avulable for an extended pepod, and to simulate past operations 
(for calibration of the model) a set of  rules had to be developed Furthermore, a set of 
operating rules is necessary to perform simulatmns of possible future events (for predicting 
water quality) A summary of the pond operanon rules and exception rules that were 
developed for purposes of this modeling effort is given in Appendix H The rules indicate 
that release of water from a pond or addifion of water to a pond is controlled by many factors 
including volume conditions at other ponds upstream and downstream Unfortunately, HSPF 
is not capable of continuously slmulating these pond operanons and a separate program was 
written for this purpose Whenever pond release data were not avalable, simulanon of  pond 
operations based on the pond operatrm rules was applied 

A computer program called PONDSIM was developed (in the Pascal programming language) 
to simulate the releases of water from Ponds A-3, A-4, and B-5 in accordance wth the pond 
operation rules Prior to running PONDSIM HPSF IS run to calculate runoff from the part 
of the watershed upstream ofthe three ponds This runoff, along wth inihal pond volumes 
and meteorological data, is input to the PONDSIM program PONDSIM produces three nme 
series wth binary decislon variables for each of Ponds A-3 A-4 and B-5 for each hour of  
the simulation, releases from each pond are either turned "on" or "OW to meet all o f  the pond 
operations rules ( i f  that is possible) or to meet the excepbon rules i f  there are conflicts The 
outputs from PONDSIM become inputs to a new HSPF simulahon (which uses the same 
baseline parameter values as the HSPF simulation performed prior to PONDSIM) that models 
the entire OU6 surface water system including the operation of  the ponds 
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Ponds A-I, A-2, B-1, and B-2 am reserved for flood antd - urd spill control, and water from 
these ponds seldom enters the Walnut C d  d i c e  water system ( m e  exceptions could 
occur dunng very extreme runoff events) Nevertheless, ssdrmcnts m these ponds must be 
kept moist, and, dunng dry pen&, water is sometrines added to ponds (sources induds 

e rt or rbow 10 percent 
of the total capacity Furthemre, Pond B-2 recaves from groundwater m ths 
spnng months, and occrsrondly watt# wdl eater th 
bypasses (Plate 5 5-2) "Ihee6- i d w s  to Pond 
module because these ponds am not important 

systean, they am tsotatd &em tlm rest of 
them, d the wdumes of these mbws vrt)~ s d k q a r e d  to the overall 

W h e s 8 p o n d s ~ ~ r n d ~  
in the srrnulatrort However, frw &e -onq of &e modeled 
contam- pend vdums CrlSrcrtY dm 2m- 
volumes were below &is f s always kept at or above 
10 petcent of the tozal pond cap 

watstbudgetof&owlrtetshed Ihos, B-I, d S - 2  IW- a l l 4  to dtop 

ents and bed sedfment sze and deposkodseour 

emicats te be modsled ie surface soil of tire pervw\ts 

stredpond sedrmsnt for thermch!resenr& segments 

dunng the 1991 field invemgatmn wthtn the OU6 MsSs The 
sals in each of t&e land segments were based on the area- 

ons 1~ the MSS and nm-IHSS srms wthm each segment 
c mean of moIwucd concentrahons, 

values bctow detaon limits werereplaced by one-hdf the sample reportmg limit For non- 
IHSS areas (which were not sampled) concenmmns o f  c0ntarmnamt.s were assumed to be 
zero so drat the model results reflect OU6 contam- #)urccs ai6 The calculated average 
concentramons in each sub-bbasm are summartzed is Table H3-I 

values for the F while m o €  btsss rnpurs am dsb- 

r scsft.rsntIl!wtg tlw?as* of soil aad 



Initial concentrations in the reach/reservoir sediments are based on 1992 sampling results 
These concentrations are summanzed in Table H3-2 

5 5 3 Model Calibratrons 

A surface water flow and transport model is generally calibrated by adjustmg a set o f  model 
parameters to produce simulated flows, TSS concentraaons, and contaminant concentranons 
that match field measured values wthin a quanafiable range of mor or wthin reasonable 
limits There are basically two ways o f  adjustmg model parameters to achieve calibrabon 
(1) manual trial-and-error adjustment o f  parameters and (2) automated parameter esnmaaon 
Calibrabon o f  HSPF for the OU6 surface water model was achieved wth the manual 
trial-and-error method 

Flow parameters were calibrated to a 5-month record o f  flow and pond volume data This 
short record is due to the fact that much o f  the recorded WETS flow data are not in WEDS 
or have been determined to be unreliable acceding to EG&G hydrologists 

0 The data collected prior to the current program (I e pnor to 1991) are not in 
WEDS, are ltmited to few sampling locations and are o f  questionable 
accuracy 

0 Some of the data collected dunng the current program (before Apnl 1993) are 
considered relamely inaccurate because the gaging equipment was not 
consistently calibrated before that time 

0 Winter records are not reliable because o f  ice in the flumes and also because 
gaging equipment is sometimes turned off during cold penods to prevent 
damage to the equipment 

The gaging data for water year 1994 were not available before this modeling effort was 
completed Therefore the only reliable gaging record was for Apnl through September 1993 
Because o f  gaps in the meteorological data, September 1993 was not included in the 
calibration period Thus the time penod for flow calibratron is April through August 1993 
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4 
c 

I 

Sediment parameters were calibrated to pond 
(Apnl 1986 - March 1993) This tune pcnd WII 

meteorologicd data at RFETS ~cteorolog~cai & 
avlulable 

Because of limited hstond data, Nmdated ctmcu~m 

rrtso bring t&yaw trme mated 
the avntkb&@ of the 

1986 am e.assrrJ,ly not 

z 

not 

c 

+- 

--.e - 

The HSPF model amulami a wal flow volume of 182 -&et at G$Q3 for Apnl through 

observed total flow volume for this bme penod 1s i76 cocre-feet The dtffersnce between 
August I993 (excluding ?Mag 18 through May 28 t%#& the rn is unreliable) The %ea- 



these values is 4 percent of the observed flow volume which is considered a very good 
calibrafion in the HSPF guidance literature (Donigian et al 1984) Since much of the flow 
at GS03 comes from releases from Pond A-4 the sirnulabon of storm runoff is not as 

accurate as this low percent difference might indicate Nevertheless, this percent difference 
was considered wthin a reasonable range of error given the short record of reliable gaging 
data 

Figure 5 5-1 shows observed and simulated flows at GSO3 for the entire 5-month time period 
(observed data were not reliable for May 18 through May 28 and were not plotted on the 
figure) To improve the clanty of the beginning of the simulabon the flows dunng April 
were also plotted separately on Figure 5 5-2 Both of these figures also show releases from 
Pond A-4 as well as precipitatron to help dianguish between the sources of runoff at GS03 
These figures indicate 

e During penods of release in which there was very little precipitabon and 
virtually no runoff (e g , July 24 through August 12), the releases were higher 
than flows at GS03 because of mfiltratmn in Walnut Creek downstream of 
Pond A 4  For these bme penads the model fits the observed data very well 

0 After large preapitation events (eg April 12) the flow at GS03 is greater 
than releases from the pond Although the runoff was sometimes 
overesbnaated and sometnrtes underestimated, the model reasonably reproduced 
the flows at GS03 

The total flow volumes at GSlO for the 5-month period (excluding flows on days when the 
record is unreliable, that is May 7 through 10 and June 17 through 18) were 22 8 acre-feet 
for the observed flows and 24 6 acre-feet for the simulated flows The difference between 
these values is 8 percent of the observed flow volume Again, the percent difference was 

considered very good according to guidance literature 

Figure 5 5-3 shows observed and simulated flows at GSlO for the reliable record of the 
5-month period Precipitation is also included on the figure Unfortunately, the data gap in 
June occurred during the largest runoff event of the period the large simulated peak of June 
17 and 18 could not be compared to observed data The two sources for most of the 

I 
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observed flow to thrs gaging stabon are drartrrge from hldmg footsr dram a d  runoff from 
impervious areas on the south d e  of the plant The fmmr is SBOwn m the figure 
as appmmately 0 1 d s  dunng Apnl and approxmately 095 ufs after Apnl These flows 
were accurately simuhated by the HSPF model The peak &ws f b m  imptwous runoff were 

significant calibrrtton parametern retenbon storage, and the value for this parameter 
resulted in an undmmrtlon of  the small runoff overmmaon of some of 
the larger eveats Aldrougb thehmitd data 

transport calibratton {dtscrused in Smon 5 5 3 
reasonable 

For dtbrabon of tkQ HSPF apmits th 

for Pod A-3 - _  were 4 The o 
deCrersed203 acmfkat Thu 
acre-fw Thedtff'ce &aerwdvdumech.np - 

This percent Cfifferenw shows M ofvolwmsmthepond Thlsgood 

- 
north sdc ofhe ph8, volume data 

e hm Apnl2 to August 30 IS 8 

input to &e model 
although they lltd 

ormwktaon af PondA-3 volumes, 
April 44 md May 9) and sometunem 



2 Matching the simulated urlth the esttmated value o f  total sediment deposits in 
the followng groups of ponds ("pooled ponds) dunng the 7-year calibrabon 
Dme interval 

e Ponds A-1 A-2, and A-3 
e Ponds A-1 A-2, A-3, and A-4 

Ponds B-1, B-2, B-3, and B-4 
e Ponds B-1 B-2 B-3 B-4 and B-5 
e 

Total sediment deposits in "pooled ponds (as opposed to individual ponds) were used for 
model calibration because by pooling the ponds, the effects of  the somewhat uncertam 
operation rules become less important in the calibrahon As discussed in Sectton 5 5 2 2 
routing of  surface water through the A- and B-senes ponds in the OU6 model involves a set 
of  pond operation rules These rules may differ from past pond operattng procedures and this 
uncertamty makes the companson of simulated and emmated sediment deposits in individual 
ponds (especially ponds A-1 A-2, B-1 and B-2, which are not included in the PONDSIM 
program) less useful for calibrabon purposes Therefore, total sediment deposits in "pooled" 
ponds were used for comparison in the model calibratton The total sediment deposited in 

the A-series and B-senes ponds represents the total soil loss due to surface water erosion 
from the northern and southern parts of the IA, respectively 

Pond Sedimentation Rate Calibration Results A companson between simulated and 
estimated pond sedimentation rates is given in Table 5 5-1 and the prediction errors for the 
targeted ponds listed earlier are summanzed as follows 

Single or "oooled" Donds Predictton Error (%I 
A-1 to A-3 5 5  
A-1 to A-4 2 6  
B-1 to B-4 7 0  
B-1 to B-5 -0 4 
A-4 -16 4 
B-5 -37 2 
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The results indicate that ssdrmartatton t.tss in ponds A-1, A-2, B-1, B-2, and B-3 am -?- 
significantly under-pdcted as autrqmtdhausc of  the drffbmnce between act& prsbd 
operabon in the past and the pond operabon smulated m the m d J  The-predtaon em@ 
for the pooled ponds, Pond A-4, and Pond B S  arc relatrwly sm&: m d t c r t r a g h  th&W 
surface water model was well-calibrated in tom of 
may well be J U S ~ I A C ~  considenng that the actual pond 
significantly different drm the pond openban r u b  in 

KL- 
i 

- 
3 

t 1 
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as the measured TSS concmtmtmns 
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solid (natural or accumulaon) washoff CIOon thesegments The pqurgjons were 
specified as the inibal contamtnant/soil r a m  En the surface sods for the pervious-land 

sport Of 
segments and in the sdicial solids fbr the impemus Imd twgtnenfs ' ~ I S ,  drrr trrn 

contaminants in the rd/remrvoir  segments ts proportmal to the transport rif sedtmm ta 

the segmsnts The ptoport~ons of contaminants m sdbm mils, surficial soltds, strsagii 

sedments are discussed in Sectam H3 4 
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Because most of the avadable chemical concentration data were from water samples taken 
under baseflow condiaons and a continuous record of this data during one or multiple storm 
events was not avalable, the measured contaminant concentrations are not adequate for model 
calibrabon However these data provided the basis for a qualitative check of the model 
prediction results 

Reasonableness Check of Model Results A comparison between the simulated and the 
measured contaminant concentration ranges in pond water dumg the 7-year calibratron bme 
interval (April 1986 through March 1993) is presented in Table 5 5-3 The simulated 
concentrations in pond water were comparable to the measured concentrations except for 

simulated Ponds A-1, A-2, B-1 and B-2, where the simulated maximum concentrations were 
much higher than the measured maximum values 

For Ponds A-1 A-2 B-1 and B-2, unusually high contaminant concentraaons were predicted 
in the model when the pond water volume in the mdel drops to a certan level (generally 
less than 1 percent of the pond capacity) This phenomenon is manly the result of two 
assumptions made in the OU6 model 

e In the model, a small porhon of the sediments entering the stream and the 
ponds was not allowed to settle This assumpbon was made to permit (1) a 
more accurate TSS concatration calibration downstream of the detenbon 
ponds and (2) a more realistic simulation of measured concentrations in the 
ponds when there is no outflow from the ponds and the ponds are not close 
to being empty 

e In the model water volumes in Ponds A-1, A-2, B-1, and B-2 were allowed 
to drop below 10 percent capacity in contrast to the actual situation in which 
capacities are kept at or above 10 percent (see explanation in Section H3 3) 

Since the pond operation simulated in the model differs considerably from the actual situation 
for Ponds A-1 A-2 B-1 and B-2 the results for these ponds are not as accurate as the 
esamated concentrations for Ponds A-3, A-4, B-3, B-4, and B-5 However the esbmated 
concentrations for Ponds A-I, A-2 B-1 and B-2 are useful for risk assessment it is known 
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5 5 4 1  Meteorolonical Data Generahon and Other Simulatron InDu ts 

The HSPF prediction of long-term average concentrahons of  contaminants in stream flow and 
in stream sediment along the Walnut Creek dramage required thirty 30-year hme senes of 
meteorological data These time senes were created by a stochastic weather generator called 
CLIGEN developed for the Water Erosion Predichon Project (WEPP) (Lane and Neanng 
1989) and descnbed in detad in Appendix H 

Other inputs to the model were determined as follows 

0 Based on the hourly meteorological data, hourly pond evaporahon and 
potenhal evapotranspirahon were calculated wth the methods discussed in 

Section 5 5 2 1 

Effluent from the WWTP and dramage from building footer drams were 
included in the simulahons These external flows to the OU6 dramage system 
dunng each of  the 30-year simulahons were based on the data collected from 
January 1992 through July 1994 The data from these years were repeated as 

many times as necessary to complete the 30-year simulahons 

0 The external modute PONDSIM 
operahon rules (Section €33 3) was used along wth the HSPF model to 
complete the thirty 30-year simulations 

which was used to simulate the pond 

5.542 Simulation Results 

30-vear Averaee Concentration in Deposited Streampond Sediment The average 
concentration of a contamrnant in the newly deposited sediment was defined as the ratio of 
the total deposited mass of contaminant to the total deposited mass of  sediment over the 
30-year simulation If sediment deposihon does not occur the average concentration of a 
contaminant in the newly deposited sediment is zero The predicted 30-year average 
concentrations of contaminants in newly deposited stream/pond sediment are summanzed in 

Tables HS-I through H5-10 The 95% UCLs on tbse  averages are presented in Table 5 5-4 

and are considered the reasonable maximum estimates of these concentrations 
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For nsk assessment, the avenge conwntmtton af a moddid contammant tn pond ssdtmsnt 
was determined as a depth-weighted average concentratm of the mitral concentrabon in 
streadpond see(rment and the concentratmn m tha deposrted ssdtment (the "reasonable 
mlwmum" -mate) Results are presented in Tabless-$ The concentralzono were 
averaged over a depth o f  2 &et to axrespond to the pond- t sampling intsrvrl d 
in the OU6 field i n m g a t m n  

e concentratmn ofr 
cutrted as the 
nd water volume-weighmi average of the gnuan dady 

The s r m u l d  merqe -s o h r  dscfi 30-y- sirnulaaon in 
streandpond water at the SSlqGted 1 $&a €€SI tak5-10 For nsk 
assessment, 95% U U s  on them ste& Results are presentad in 
Ttble 5 5-5 

56 AIR MODEUNG * 

5 6 1  Ietroduchor 

Omte UT modeling- was con umcan9ratram OE-COCs- at b u r  receptor 
locatroas A i n  OU6 The was Iim'hd by dssrgn to support tbe 
HHRA it is not intemded t s i s v ~  ur modeti- study of OU6 

To estimm exposwe pomt ens of urbomkamss~ons from OU6, atr drspersnw 
modeli$& performed f b ~  urbnme missions of paut~dste matter less than 10 microns in 
diame&b@h&,) occurnnj@tmng matmil Hnnd erosm and from cogstnrc@on acbwtles 
Emission al&$ at OU6 were AOC Na 1 (apprommatdy 10 acres), AOC No 2, 
and a 304cre hqmurh exposure area m AOC No 2 .Tks AOCs and the maximum 
exposure sea wen d\;;imeeated for PUFposes ofwciuctuxg the H~WA  hey are dsscrtbed in 

more detad m Sect19 4 and in Appenellx J Bnefly, AOCl$b 1 is q u t v h t  to Mss 167 1' 
(North Sjxqq Fidd Area) AOC No 2, hdt is qpmmmfdy 50 acres, contarns MSS 141 
(Sludge Ehsped Area), IHSS 156 2 (Soil Dump Area), and l€BS 165 (Tri- Am) The 
30-acre m(Ixlmum sxposure area in AOC No 2 rs representatwe o f  a hypofhetrcal future 
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industnal park Soil gas transport modeling to assess impacts resulting from soil gas transport 
into an office building from contaminated subsurface soil and groundwater was also 
performed 

This section summarizes the ur dispersion and soil gas transport modeling approaches and 
presents the modeling results Greater detul is presented in Appendix I 

5 6 2 Air Dispersion Modeling 

To assess onsite ambient ar quality resulting from the release of  urbome contaminants during 
baseline (I e , undisturbed) conditions and construmon (I e ,  disturbed) condihons, emissions 
of arbome PM,, were esbmated for the following scenanos 

0 Fugitive PM,, emissions as a result of wnd erosion o f  the surface soils in 

AOC No 1 and AOC No 2 and the maximum exposure area in AOC No 2 
(wth dispersion to onsite -tors) 

0 Fugitive PM,, emissions as a result of  construction activities in subsurface 
soils (onsite exposures) 

Particulate COCs (1 e metals, radionuclides, and semi-volatdes) were evaluated for PM,, 
impacts It was assumed that those chmtcals based on their strong affinity for adsorption 
adhere to particles emttted as a result of wnd erosion VOC emissions to outdoor mr were 
not modeled because this exposure pathway was considered negligible for nsk assessment 
(see Appendix J) 

The Ventilated Valley Dispersion Model (VVDM) was selected to estmate impacts to onsite 
receptors VVDM estimates airborne PM,, concentrations wthin a confined volume from a 
steady-state emission rate wthin that volume This model assumes complete mixing of 
pollutants wthin a series of  boxes defined by the surface area(s) (I e length and wdth of the 
affected area) and an imaginary lid The height of the lid is defined as the assumed mixing 
height The mixing height is assumed to be a function of turbulence induced by surface 
roughness and the length o f  the "box" being considered VVDM can rapidly estimate ur 
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concentrmons to r q t o n  m the tmmdate wclnity of an d m i s s ~ l g  mwce Thercrfors, it is 

considered an appropriate model for eshmatang onwe lilr concentratwns 

Onsite mr impacts from surf’ soil  wnd erosion were evaluated for AOC No 1 ,  AOC No 2, 
and the 30-acre mIpxIrnum exposure area in AOC Na 2 average ur part~culato 
concantrahons and dqomtron rates were modeled for 5 989 through 19p3) rlrc 
maximwn results were d in rr& aqmssmc~lt for ustarn exposuresmeachama 

To e~aarate mr prrticulate concmtmtmns under o Ac#: No 1 and 
AOC No 2, concemtrations resubg fiom 

1990), (2) emissmns from &dace soil 
(using g st~duct squetron fron A 
1O-acre excavatron 

Complete VVDM model resd9r 
Maximum impacts from wurd 

to 5 22E-04 pg/m’ (an 

sourges were 

cm in a 10-8 excavation 
emmn frwn otttwurfsa soil in a 

7OE-13 ~ g h ’  (Am-241) 
’/@(Am-241) to 2 32E-01 

ons were mt~mrtsd at the 30-acre 

ate m 1990 (Table fnrtm 3 13E-13 &tg/ld (Am-241) t0 

n at AOC No Ihnd AOC Mo 2 are dwwn in T&lm 
The wll~u~ules of the and avmqe mr 

-on wnd 
5 6 4 ,  respccttvely 

1 ranged from 47e-13 p S / d  (Am-241) to 522E-04 pg/m’ 

vely 



5 6 3 Soil Gas Transport Modeling 

A modified soil gas transport model was used to esbmate VOC concentrations in a building 
as a result of volatilization of those compounds from groundwater The soil gas transport 
modeling was performed under the assumpbon that the volumetrrc exchange rate of aw from 
the subsurface source of contaminatron to the ground surface beneath a building is only 0 1 
percent of the exchange rate from the ground surface to the intenor above the building floor 
Therefore, only 0 1 percent of the volumetnc exchange rate w t h h  the building is used to 
simulate soil gas transport in the subsurface 

Results of the soil gas transport model are shown in Tables 1-34 to 1-36 of Appendix I 
Modeling was not performed for AOC No 1 since no VOC COCs were idenbfied in 
subsurface soil or groundwater The highest resultant building concentrabon for AOC No 2 
was for the enbre 50-acre area (Table 5 6-5) Concontrations ranged from 1 O8E-08 pg/m3 
(chloroform) to 1 16E-02 &m3 (methylene chloride) 
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TABLE 5 1-1 
ROCKY FLATS OU6* $i 

SUMMARY OF CHEMWXLS 

Silver 
Strantturn X 
VanadlUIIl 

PlutOnlurn-239,240 X 
Urar~~m-233 234 



n 

m e - m  f 

a3 c a 

f 
P 
g x 
c n 
s x 
x 





TABLE 5 2-3 
RADIOACTIVE HALF-LIVES FOR RADIONUCLIDE COCS' 

Element Radioactive Half Lives (year) 

Amencium 241 433 

Plutonium 23 9 24 100 

Plutonium 240 6 570 

Radtum 226 1620 

Uranium 233 rw,ooo 
Uranium 234 246 000 

Uranium 235 704 000 000 

Uranium 238 4470000000 

' Information obtained from Gilbert et a1 1989 
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TABLE S 2-4 

BIODEGRADATIUN RATES FOR OR&WIC C O M P O U N ~ C s '  
f %* 
i 

TCE 

CHC1, 

10 7 & s  - 4 5 years 

8 w k t  - 5 YOUS 

3 

Methylene cbfonde 2wdu-0weeJc8 

Vinyl Chlonde 8 d 8 - 9 5 B I o n t h s  

Benzo(a)pyrenc 

Benzo(b)fhKwanthene 197 years 3 3 4  yea 8 7 k w  720hoyrr. 

Benzo(a)antimmcene 204days 373years Ehour-3hours 

bn-buty lphhlatq T h y  14-r 

Indene( 1,2,34)pyrene 32$ days - 250 days 

1 2 Dichloroethem 4&-6mOatbr 

t 
1 
I 

f 
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TABLE 5 2-5 
CALCULATED DISTRIBUTION COEFFICIENTS AND RETARDATION 

VALUES FOR ORGANIC COMPOUND COCs IN GROUNDWATER 

Soil-Water 
Partition Coemcient Retardation Factor 

IC (cm’ls) R 

Aroclor 1254 

Benzo(a)anthracene 

Benzo(a)fluoranthene 

Benzo(a)pvrene 

Bis(2 ethylhexy1)phthalate 

Indeno(1 2 3 cd)pyrene 

1 2 Dichloroethene 

CHCl, 

Methylene Chloride 

PCE 

TCE 

Vinvl Chloride 

~~~ ~ ~ 

4888 3 585 

16565 12147 

6594 4836 

16565 12 147 

1200 880 

371 - 272 

0 35 

0 26 

0 052 

1 8  2 1 6  

0 6 - 0 9  

0 020 

NR 

NR 
NR 

NR 

NR 

NR 

7 44 

5 86 

1 96 

34 1 4 0 7  

121  1 7 6  

1 4 4  

Explanation 

K, = f, K, K, from TaMe 5 2  1 
Total organic carbon (TOC) values for subsurface soil were used to calculate K, for 

TOC vahtes for surface soils and sediments were used to calculate the range of  K, 
VOC COCs (average TOC in subsurface soils = 0 6%) 

for SVOC COCs (average TOC in surface soils and sedunents = 1 2% and 
0 8% respectively) 

ne 
pb = I84 g/m’ 
n, = 0 10 

NR retardation factors calculated for groundwater COCs only 
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TABLE 5 6-4 
SUMMARY OF THE ANNUAL AVERAGE AIR CONCENTRATIONS 

DURING HEAVY CONSTRUCTION ACTIVITIES 
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 

WIND EROSION AT OU6 AOC NO 2 

~~ ~~ ~ 

Surfm Sol1 Wind Emlion 
Annual Contaminant 

Air Concentration 

(we  

~~ ~ 

10 Acre Dbturbcd Conrtruction Am Heavy CoDltrucUon AcUvltia 

Annual Contaminant Annual Contaminant 

Air Concentration AlrConmntlrtlon 

(dm3 (udm 1 

2 04E-06 

2 86E-07 

4 47E-06 

9 9SE 06 

1 s  IO 

204E IO 

191E-07 

131E.09 

1 lZE-09 

16lE 06 

RadlOndMn 

Amcncium 241 446E 14 868B I 8  733E 17 

Plutomum 239/240 4 71E 1' 226E I5 I91E 14 
Umium 233 234 1 52E 13 129E 12 

U m m  238 2w-09 2 4OE-08 

Surfm roil (Table I 22) + 10 acre dhturbed construction a m  (Table I 23) + colutruction activltia (Table I 24) 

Concentration 

(Uplm.) 

1 47E-09 

I 9 x 4 9  

204E 06 

I 81E 06 

2 116E-07 

447E 06 

9 95E 06 

. 

a 
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U S  DEPARTMENT OF ENERGY 
Rocky Flats Environmental Technology Site 

Golden, Colorado 

OPERABLE UNIT NO6 
PHASE I RFI/RI REPOR 

WEU 3086 NITRATE NITRITE 
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U S  DEPARTMENT OF ENERGY 
Rocky Flats Envfronmental Technology Site 

Golden. Colorado 

OPERABLE UNIT NO6 
PHASE I RFI/RI REPORT 

WELL 1586 NITRATE NITRITE 
CONCENTRATION V f TIME 
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U S  DEPARTMENT OF ENERGY 
Rocky Flats Envfronmental Technology Site 

Golden. Colorado 

OPERABLE UNIT N O 6  
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6 0  

HUMAN HEALTH RISK ASSESSMENT 

6 1 INTRODUCTION 

This section summarizes the HHRA that was performed for QU6 at W E T S  The complete 
HHRA is presented in Appendix J of  this report 

The HHRA was conducted as part of  the Phase I WURI Report for OU6 and is required by 

CERCLA (40 CFR 300 430) as part o f  the RI process The HHRA is intended to estimate 
the level o f  health risk from potential exposures to chemicals at or released from source areas 
wthin OU6 The estimate o f  health risk is used to support the determinanon o f  appropnate 
cleanup levels or other nsk management measctres m keeping wth current and future land 
uses Health risks were esnmated for both central tendency (CT) and reasonable maxlmum 
exposure (RME) conditions in keeping wth EPA guidance (EPA 1989% 1992b) 

6 1 1 Site Description 

This brief description of  the s t e  provides the context for delineation of exposure areas in 

Section 6 4 W E T S  consists o f  an mdustrdized area of  approximately 400 acres surrounded 
by an undeveloped buffer zone o f  about 6,150 acres OU6 consists o f  20 Individual 
Hazardous Substance Srtes (IHSSs) wthin the Walnut Creek Prionty Drainage as well as the 
land area between the IHSSs (Figure 6 1-1) A detuled description o f  the site location 
general site conditions and description o f  the IHSSs were presented in Sections 1 0 and 3 0 

o f  this report For reference the OU6 IHSS names and numbers are listed below 

I 

e Sludge Dispersal Area (IHSS 141) 

B-Series Ponds (IHSS 142 5, 142 6 142 7, 142 8, and 142 9) 

Walnut and Indiana Pond (IHSS 142 12) 

Old Outfall Area (IHSS 143) 

Soil Dump Area (IHSS 156 2) 

e A-Series Ponds (IHSSs 142 1 142 2 142 3 and 142 4) 

e 

0 

e 

e 

e Triangle Area (IHSS 165) 
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Trenches A, B, and C (IfiSSs 166 1, ld-2, d 166 3) 

former 167 3) 
East Spray Field Arm (IHSS 216 1) 

The HHRA does not ewluate potentd nsk at all of 
from further evaluation based on findmgs prssrirasd in 

and &sk-Based Conservative Screen and & A 
(DOE J994a) Thcr East Spray Field Area 

0 

established in the CDPHE M-Based Con 
m*$t *%fmaer 

are expected to be evaltmtd 
The Old Outfdk (MSS 1435), 

Industnailzed Areas 
4 

61.2 Gunhnce - -  c 

The HHRA w a s - p e j  
OlExpmpmAssessment P 
Har&k&WA I?NBb), and Guidance fw- 

areas, and chemicals of Coirm"(C0Cs) Spscrfic corrasponduna fmm Ep4A md CD& * 

is cited in the relevant sections of the "RA 

Four technical memoranda were mttsn in sq#urtefthd&RA Thesemeqm~da am TM 
No 2, Exposure Assessment (DOE 199Sa), TAR Nw3, MOM Descnptton (ME 1994b) TM 

- -  
1 

t.r 
-f 

U 
)c - 

-". -, 
J 6 4  c 
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No 4 Chemicals o f  Concern (DOE 1994c) and TM No 5 Toxicity Assessment (DOE 
1994e) These memoranda which were submitted to EPA and CDPHE and included in the 
OU6 workplan as appendixes provided the basis for performing the HHRA 

6 1 3  HHRA Organization 

The HHRA consists of the followng sections which are summaries o f  the secbons that 
appear in the full HHRA in Appendix J 

6 2  

6 3  

6 4  
6 5  

6 6  
6 7  
6 8  

6 9  

6 10 
6 1 1  

Data Evaluation and Aggregation 
Chemicals of  Concern 
Exposure Scenarios 
Exposure Point Concentrations 
Estimating Chemical Intakes 
Toxicity Assessment 
Rsk  Characterization 
Radiation Dose Estimates 
Uncertainties and Limitations 
Summary and Conclusions 

6 2 DATA EVALUATION AND AGGREGATION 

This section provides a brief description of the development of the chemical analytical data 
set and data aggregation process used in the health risk assessment 

6 2 1 Chemical Analytical Results Used in Risk Assessment 

Chemical analytical data from environmental samples collected dunng the OU6 Phase I field 
investigation and from WETS-wde sampling programs were used to characterize chemical 
constituents in OU6 and select COCs for risk assessment The samples and analytical 
programs followed approved work plans and chemical analybcal results were validated In 

accordance wth EPA and WETS data validation guidelines Summaries of the work plan 

and the OU6 field investigations were presented in Sections 1 0  and 2 0 of this report 
Appendix E, Quality Assurance descnbes the chemical analytical database and additional data a 

I 
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review and cleanup (such as trestment of dupQlcaas msuttar) that were performed in 

establishing the find database used In the OU6 RFyRl Report 

The data sets used for evaluatten of surface soil, subsurface soil, groundwater, pond sedment, 
pond surface water, and streddry sedrmmt are descnbed 

tishdtd 

Surface soil samples were d b e d  using the 
were collected dunng the third quarter of 199 
samples were cajlectcd at ths st- ba 
Spray Field Arwand East Sprsr Fi ~ e t e r s w u t d  by locstion 

mmiwrlatilo.. organic compouads 
were evaluated m the "RA 

mcept;i;okbieEast F d d  mdcttoo bssed-bnthe CDFHE 
Consematwe Screen @cte 4994 

- 

e forpth-+patcr of 1!@2?+0ugh the first 
WWe wM4RQJr downgradmat of 

IHSS boundar~es 

m boun(iuy MnitKHi The South ! 3 ~  Field Area 
rth, ad,jacmt to the landfill pond (sdigura 6 1-l), thq 

d b as fonnsfMsS 167-3 The lodmn dTrmch C East 

G'--. 
(4047 920UUt 52l)(R7 6')p-X M 9 O 7 a )  6-4 t .  - -- 
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(former IHSS 167 3) and soil at Trenches A B and C were removed from further evaluabon 
in the CDPHE fisk-Based Conservative Screen (DOE 1994a) 

Laboratory analyses o f  subsurface soil samples generally included the followng analybcal 
groups volatile organic compounds (VOCs) semivolatile organic compounds (SVOCs) 
metals and radionuclides 

Groundwater 

\ 

Groundwater samples were collected from onsite monitonng wells on a quarterly basis under 
a plant-wde groundwater sampling program The plant-wde monitonng program included 
two monitoring wells installed during the OU6 Phase I invesbgation and wells installed 
dyring other investigations conducted from 1991 throHgh 1993 

Samples used for evaluation o f  chemical concentrations in QU6 groundwater were collected 
from the first quarter of 1991 through the Four&-.quarter of 1993 In general the groundwater 
samples were analyzed for VOCs SVOCs, pestiadeskBs,  metals, and radionuclides 

Pond Sediment 

Pond sediment samples were collected dumg the fourth quarter of 1992 as part o f  the plant- 
wde surface water sampling program Those samples were taken at a depth interval o f  0-24" 
Each of the ponds was sampted at five locations In each pond one o f  the samples was 

collected wthm 5 feet of the inlet The second sample was collected from the deepest part 
o f  the pond The other three samples were collected at random locations wthin each pond 
Composite samples were coltected from 2-foot intervals Samples were analyzed for VOCs 
SVOCs pesticides/PCBs, metals radionuclides and water quality parameters (WQPLs) 

In 1994, additional pond sediment samples were collected at a depth of 0 to 6 inches near 
previously sampled locations and analyzed for PCBs and radionuclides These data are 
evaluated in Appendix J Attachment J5 

(4047 920 0041 521XR7 6)(9 22 95 9 07m) 6-5 



Pond Surf ace Waw 

Pond surface water samples were ooflected from August to November of 1992 as part of the 

plant-wde surface water sampling program. P m  surface water samples were collected ftom 
each of the ponds Om of the five samples was dl 5 fibst of &e inlet to each 
pond A second sample was collected from the deepest e pond The third sunple 
was collected -thin 5 fw of the spifIway samples were collected 
randomly in each pond Samples were andyzed 

radronuclides, and WQPLs 

The 

y 
% 

“ I  

Sediment samples from t$& otraiffl &I 
in May 1993 dun- 
collected umg a 2CsRch himete 

andyzsd for VOC~, SVO@S, 

Dly sedtment samples- were Coil 
in February 1993 The R F F d h c e  sod -ling method 
The samples were analyzed 

Results h m  both stream 

exposure to exposed (a e not s 
results from samples coflec 
area were used because (1) er downstream (1 e ,  Fonds A-4, B-i and the W&I 
Pond) we= dimmated from uatm in risk assessment brrs~d 4 results of the 
CDPdsk-based t =  conservatcve screen (DOE! f994a>.rrrd (2) srhs @lent sf the tndushd 
area arenqt W i n  OU6 

6 2.2 Chemical bq$+Quahfwrs 

swr$l Wa@t Creeks were 0 g I l d  

coffzpostte samples were 
Thasmsplcls were 

were use$ tn €ivduamg potcntld 

of pond A-3 d Pand B-4 clad d t h e  lndustnrl 

/ 

%-, t 

---\ i, = *  

c 

Chernich data qdifiers are letter codes attaehed to d y t i d  results by &e h b a r a t a ~ ~  or 
validator to indicate possible problems wth-fiamrcal ~hbficotron,  quaatlfiwtipn, or source 
of contammatton Use of qualified dab in msessmcat-depeRds oh the of qualifier 

Bnefly dl results above he SQL and estimated d t s  wfce used as reported, U-qualified 
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results (analyte not detected above the SQL) were counted as nondetects B-qualified results 
for organics (analytes detected in corresponding laboratory blanks) were either used as 

reported or qualified nondetect followng specified data validation and review procedures and 
R-qualified results (rejected during validation) were eliminated from the working data set 
R-qualified data were not used in risk assessment according to EPA guidance (EPA 1989a) 

6 2 3 Data Aggregation for h s k  Assessment 

Data aggregation for nsk assessment was performed in accordance wth guidelines developed 
by CDPHE EPA Region VI11 and DOE for application at WETS (CDPHEEPADOE 1994) 
First chemical source areas were identified on the basis of the spatial extent of chemical 
constituents The IHSSs wthin OU6 are (1) physically separated and (2) charactenzed by 
different types and origin of chemical constituents Therefore each IHSS was evaluated as 

an individual source area, wth the exception of Trenches A, B, and C which were evaluated 
together as a single source area 

Followng the identification of possible contaminant source areas, Areas of Concern (AOCs) 
were delineated (DOE 1994a) AOCs were defined as one or several source areas that are 
in close proximity and can be evaluated as a unit in the HHRA As stated earlier the former 
South Spray Field Area, the East Spray Field Area, and soil at Trenches A B, and C were 
eliminated from further evaluaBon in the HHRA based on the results of the CDPHE R s k -  

Based Conservative Screen (DOE 1994a) Four AOCs were delineated in OU6 These are 
shown in Figure 6 2-1 and described below 

L 

0 AOC No 1 IS the North Spray Field Area This area is spatrally separated 

from the other source areas evaluated in the HHRA 

0 AOC No 2 includes the Triangle Area, Sludge Dispersal Area, and Soil Dump 
Area These three source areas are in close proximity and represent the largest 
volume of potentially contaminated soil in OU6 Therefore, these source areas 
form a logical AOC for exposure and risk assessment and for evaluation of 
remedial alternatives if required 

I 
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F 

+ 

0 AOC No 3 mdudes Ponds A-I, A-$ and A ~ 3 L _ T b m  pnds all have amih 
chemical const~tueats in the pcmd-spdmmt and are dl D the N d  WahW 
Creek Drcttnagq so they are )rydrologidy wmnected, therefore, they form I 
lagid AOC for expusure d rt& mseamkent and svsluatton of PdtaRftCrl 

evaluabon based on the findings of the 

1 994a) 

remedrai ahumat~vss, if rqutred Pond llbmoved &om 

3hb  S5 and WBtI-Ppnd 
waEefbmovedh* e-rkefindmgs of the CDPHE 
con-ve screen ftxE 

,sm&*ufw 
purposes of  evduatmg reasonable 
park (30 acres) 

s in a future industrial or office 

ent were calculated €or e a c h . d i 4  in ea& 

i 

6 3  CHEMI 

evdwtron in the nslr +asstmnent and are the f& of transport 
and remedy stlcct~on (if warranted) lhrs d describes tbe 

process for dcterrn:ntng CXXs in &bee soil, subsrrrf.ct sotl, groundwater, pond sedtment, 
pond surface water, and s t r d d r y  sediment The process was developed aqd agreed upon 
by EPA, CDBHE, and DOE More detad is prowded in b C 0 C  TIM fot-OUd 1994e) 

I. 

f 

P 

-\ a,- 
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6 3 1 Process for Selecting OU-Wide COCs 

COCs in each medium were determined on an OU-wde basis that is all sample results from 
each medium were pooled for the evaluabon fisk-based and other screening methods were 
used to identify the chemicals that are likely to pose the greatest potential risks to human 
health The COC selecbon process is illustrated in Figure 6 3-1 and summarized In the 
sections below 

Background ComDarison Analytical results for metals and radionuclides detected in soil, 
sediment, groundwater and surface water in OU6 were compared to background levels using 
four statistical tests the Quantile test Slippage test, Student's t-test, and the Gehan test 
(Gilbert 1993) In addition, analytical results were compared to the 99th percentde upper 
tolerance limit (UTLw,9g) o f  the background data Any analyte that failed one or more o f  the 
statistical tests or that had one or more results exceeding the UTL,, was retamed as a 
potential COC A detarled description o f  the statisbcal methodology used in the background 
comparison and tables showng results o f  the statistical tests are presented in Appendix A cf 
the COC TM for OU6 (DOE 1994c) 

Essential NutrientsMaior Cattons and Amom Calcium iron magnesium potassium and 
sodium were eliminated from further conslderation as COCs because they are essentd 
nutrients they occur naturally in the emrrronment, and they are toxic only at very high doses 
Cyanide nitrate and nitrtte were retained for further evaluation but other major cations and 
anions measured as water quality parameters such as carbonates were not evaluated 

Freauencv o f  Detecnon Metats wth concentration distnbubons in OU6 that were 
significantly different from background distributions and detected organic compounds were 
evaluated for frequency o f  detection Chemicals that were detected at a frequency o f  5 

percent or greater were retamed for further evaluation in concentration/toxicity screens to 
select OU-wde COCs Organic chemicals and metals that were detected at less than 5 

percent frequency were evaluated separately as discussed below Radionuclides were 
assumed to be detected at 100 percent frequency for statistical analysis (1 e ,  negative, zero 
and positive results were retamed in the data set) thus the radionuclides were not screened 
based on frequency o f  detection 
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. 
Profess ional Jud-1 
significantly drfirent from background dstnbutrons based on d b  of fhe Stasrshcd tsskr 
were judged not to be potentid OU6 contamutrnts b d  on ternpod &stributIon, 
geochmicd chttractemhcs, the presence of high total suspded and Btssolvcd solids in 
groundwater, or becaulle thar distrrbutron was 

U6 contmntmnts 

Some anaiytas whose aoncrratprtton &mbutwns in OU6 were - 

manganese in pond sediment, u ~ i u m  isotope% in 

The evaluatrons and d & - m  desc &e Goc TM for OU6 
=ab-, wbetbr PiOtsnttJ 

s of ifiterest (COIs) and 
ancamn~ modt of the 

contrUn1nants w 

mcenv, 
were ratrmted far -tt) 
H€@M (CDPHEE 1994, EPA 

e Groundwater arsenic, 

nOIS4%&l08mS, 

urrt%m%Td*Sedhnsat) These 
on maximum conceatmbons and tomcity 

nJ( I)) each crttgoty 

s that, -- screens wer 
or mor0 of the totlt 

ve risk assessment 

Organic compounds and n ) d s  that were 
detected at less than 5 percent frequency in d a c e  sal, subsurface soil, gromdwatcr, pond 
sediment, and pod surface water (vb listed in tables acO0mp;mying AppendixS flables 13-3, 
53-7 J3-12, J3-17, d J3-22) There were no tnfrrppucndg&fectcd conrpoun& in streamldry 
sedimemt For infrsqwntly detected cc+mpounds, inaxmum concrntratmns-wqre c o m p d  to 

screening levels equivalent to 1,000 times hk-bassd coneentratrms (l&Ci) to determine 

- F  
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whether there was potential nsk to human health on the basis of high concentraaons and 
toxicity even though the chemicals were rarely detected and exposure potenhal was low 
RBCs were defined as chemical concentrahons associated with an excess lifetime cancer nsk 
of 1E-06 (1 in 1 million) or a hazard index of 1 for noncarcinogenic effects RBCs for 
chemicals in surface soil were calculated assuming residenhal exposure by ingestion of soil 
and inhalation of swrborne particulates RBCs for chemicals in subsurface soil were calculated 
assuming construction worker exposure by soil ingestion and inhalation of particulates and 
VOCs RBCs for chemicals in groundwater were calculated assuming residential exposure 
by ingestion of water and inhalation of VOCs dunng water use The surface soil RBCs 
assuming residential exposure were used for cornpanson to chemical comentrahons in pond 
sediment even though exposure to pond sediment would be much lower than exposure to 
soil The groundwater RBCs, assuming restdentid exposure, were used for cornpanson to 
pond surface water as a conservative measure even though the pond water is never expected 
to be used as a drinking water source 

Infrequently detected chemicals whose maxffflum concentrations exceeded 1 000 ames the 
RBC were retained as special-case CQCs for separate evaluation In the risk assessment Only 
vinyl chloride in groundwater was identified as exceeding 1,000 times the RJ3C The nsk- 
based evaluation of infrequently detected chemicals IS described in detail In Appendix B of 
the COC TM for OU6 (DOE 1994~) 

6 3 2 Summary of OU-Wrde COCs 
I 

Table 6 3-1 summarized the OU-wde COCs idenafied in each medium For convenience 
they are also listed below 
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COCs were identified using the process outlined In Section 6 3  1 Detection frequencies 
above 5 percent metals above background and concentration/toxicity screens are shown in 
Tables 6 3-2 through 6 3-4 (surface soil) Tables 6 3-5 through 6 3-8 (subsurface soil), Tables 
6 3-9 through 6 3-12 (groundwater) Tables 6 3-13 through 6 3-16 (pond sediment) Tables 
6 3-17 through 6 3-19 (pond surface water) and Tables 6 3-20 through 6 3-23 (streamldry 
sediment) In the concentration/toxicity screens, analytes that contributed 1 percent or more 
of  the total risk factor were identified as COCs 

Additional pond sediment samples were collected in a separate shphng program in 1994 and 
were analyzed for PCBs and radionuclides These data are evaluated in Attachment J5 to the 
HHRA (Appendix J) 

6 3 3 Chemicals without Toxicity Factors 

Lead in surface and subsurface soil and in groundwater md copper in surface soil, pond 
sediment and groundwater exceeded 6ackgrwd levels Because they do not have EPA- 
approved toxicity factors they cannot be evaluated qukmtattvely in toxicity-based screens 
In addition several organic compounds wthout EPA-approved toxicity factors were also 
detected in pond and streddry sediments These metals and organic compounds were 
retained for qualitative evduaaon in the "Ra (Appendix J10 1 4) 

6 3 4 Special-Case COCs 

Vinyl chloride IS not an OU-wde COC in groundwater because it was detected infrequently 
(in only 3 percent of  groundwater samples collected in OU6) However, vinyl chlonde was 
identified as a special case COC in groundwater because concentrations in one well exceeded 
1 000 times the RBC of 2 8E-05 rngA (1,000 x RBC = 0 03 mgA) Vinyl chloride in 

groundwater ts the only special-case COC in OU6 

6 3 5 Chemical of  Interest (COIs) 

As mentioned previously all metals in groundwater were eliminated as contaminants and 
excluded from the concentration/toxicity screens because their presence in unfiltered samples 
was determined to be associated wth local geochemical conditions and wth high levels of 
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elements such as mh, potasslum, a n d d u m  wem abmm- 
concmtrmons in groundwater are moa likely related to hcal g 
to suspended solids in the samples Even though f n d s  in W 6  gromdw?atmare p 

not potentd contamrnants but rather are naturcrlly ocm 

(COIs) in g,roundwrrtsr (CDPHE 1994,EFA 
though ‘ars~nrc in strearn/dry setdment cbes not 

agree&* it wMiw3be cduated as a COI 
-31 -- uncertamfies secbon (Seam 6 10 85. 

6 4 EXPOSURE SCENARIOS * 

This sec&m descnbes the recqhm 

O M  am & w d  llf d m t  111 
for OU6 (DOE 19958) E 
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0 

t’ 
Future Ons ite Land Uq Probable future adrwbbs at RFETS incltlde pvironmfd 

redofabon deoontamrfratlon wd decomrnkzmm-g, BCOBO~*& pmerrt, and waste 
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Future Site Uses Working Group have agreed that future land use at WETS wII not include 
residential development (DOE 1995b EPA 1995b CDPHE 1995) Therefore residential 
development in OU6 is concluded to be improbable 

The Rocky Flats Local Impact Inihative (RFLII 1992) is working wth DOE and local 
economic development agencies to encourage business development at WETS using new or 
existing facilities Commercial and industrial uses of devehped portions of  the site are 
considered beneficial Commercial development in undeveioped porhons of the property has 
not been ruled out although preservation as open space is consistent wrth DOE policy and 
wth the Jefferson County Planning Department's recommendations (Jeffmon County 1990) 
Because o f  the undisturbed nature of  the buffer zone and the presence of a rare species 
(Prebles meadow jumping mouse), onsite commercial or other development in the buffer zone 
may be precluded (DOE 199431) 

Onsite agncultural development is considered to be improbable because of the decline of 
agriculture in the Northeast Jefferson County area 

In summary future onsite land use in OU6 w11 most likely be open space, although portions 
adjacent to or wthin the industrialized part of the plant could be developed for commercial 
use 

Offsite Land Use Land adjacent to W E T S  is lightly populated, wth current use pnmmly 
open space and grazing A few residences and horse-boarding businesses are located east of  
WETS The nearest resident IS iocated across Indiana Street at the southeast comer of  the 
property line Another nearby residence in the predominant wnd direchon (southeast) is 
located about 0 8 miles east of Indiana Street also near the southeast border of WETS 
Small cattle herds graze seasonally in the fields near the site Commercial/industrial facilities 
such as the TOSCO laboratory and Great Western Inorganics Plant are located to the south 
Future offsite land use in areas adjacent to OU6 is likely to continue to be mixed (open 
space grazing commercial, and residential) 

Current and future offsite receptors were not evaluated in the HHRA for OU6 because 
estimating effects from individual OUs would not address potential cumulative impacts to 
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offsite receptors from other sources at RFETS However, ~ s u r s  af offsite recuptors wll 
be evaluated in a future atevade nsk assessment 

6 4 2 Oarrte Exposum Areas 
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In addition a separate evaluation of  exposure to sediment in Ponds A-1, A-2, B-1, and B-2 

using data from the 1994 pond sediment sampling program is presented in Attachment J5 to 
the HHRA (Appendix J) 

6 4 3 Receptors Selected for Qurntitatwe Risk Assessment 

Receptors selected for quanhtative evaluation in the HHRA are listed below As noted 
earlier receptors were identified based on current and c r d b l e  future onsite land uses 
Offsite receptors were not evaluated in the HHRA forOU6 but are expected to be evaluated 
in a future site-wde risk assessment 

Current Onsite Workers WETS plant secunty workers who are assumed to spend a portion 
of  their hme in OU6 while conducting routme patrols in the buffer zone were evaluated for 
exposures in AOC No 1 and AOC No 2 

Future Office Workers Future onsite office workers were evaluated for exposure in AOC 
No 1 and in the 30-acre maximum exposure area in AOC No 2 This receptor is the 
maximum exposed individual (has the highest potential exposure to chemicals and 
radionuclides) o f  all the current and future receptors evaluated 

Future Ecological Researcher A future onsite ecological researcher, assumed to perform 
specific field research projects invofvrrtg contact wth surface soil, surface water, and 
sediments was evaluated in AOC No 1 (10 acres) and AOC No 2 AOC No 3 and AOC 
No 4 each of which are about 50 acres Fifty acres was defined by parties to the IAG as 

an appropnate-sized area for evafuating potential exposure of ecological researchers (DOE 
1994a) 

Future Open &ace Recreational User An onsite open space exposure scenario developed 
to estimate risks fmm recreational use of  open space areas at WETS,  was evaluated in AOC 
No 1 (10 acres) and in AOC No 2 AOC No 3 and AOC No 4 each of  which are about 
50 acres 
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Future Co n s t r u m  Wo- A future omte amstruetion worker, assumed to contact 
subsurface soil dwtng excaY8bm adsvltms assouatsdranth construcfion of comrneraal 
buildings, was evaluated in AOC No 1 and AOC No 2 

f”, 6 4 4 Exposure Pathways 

Potentdly complete exposure pathways for dtdl: 
in the conceptual site mdd (CSA4) in Figure 6 
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e Dermal uptake of metals and radionuclides from soil and sediment (potenhally 
complete but not assessed) 

Site-wde incomplete pathways and pathways that were potentially complete but not assessed 
are discussed further in Appendix J of this report and in the Exposure Assessment TM for 
OU6 (DOE 1995a) 

6 5 EXPOSURE POINT CONCENTRATIONS 

Exposure point concentrahons of COCs were calculated for each exposure area and exposure 
medium (surface soil, subsurface soil, groundwater, a r ,  pond sediment, pond surface water, 
streamldry sediment) evaluated in the risk assessment. The exposure point concentrabon of 
a chemical in a sampled medium (soil groundwater sediment, or surface water) IS usually 
the 95 percent upper confidence limit (95% UCL) on the mthmetic mean The 95% UCL 
on the mean is an estimate of the average concentratmi to which people could be exposed 
over time in the exposure area Sometimesh maximum detected concentration IS used as 

the exposure concentration if the data set does notgemt a good estimate of the mean This 
can occur wth small data sets or in data sets wth a high frequency of nondetects If the 
calculated 95% UCL concentration exceeded the maximum detected concentrahon, the 
maximum was used as the exposure concentrmon (EPA 1989a) For convenience in this 
report the 95% UCL or maximum cortcentration IS referred to as the reasonable m m m u m  
exposure (RME) concentration I&€€? concentrations of COCs were used in estimating nsk 
for both the central tendency (CT) and RME exposure scenarios 

6 5 1 Calculating the Concentmhon Term 

Tables 6 5-1 through 6 5-6 summarize the exposure concentrahons of COCs in surface soil, 
subsurface soh groundwater pond sediment, pond surface water and streamldry sediment 
for each exposure area evaluated in the HHRA Attachment J1 to Appendix J shows the 
analytical results used in the calculafions In calculatmg exposure concentrahons from 
chemical analytical results one-half the sample quantitation limit (SQL) was used to represent 
the concentration in samples that were validated "nondetect" for a chemical provided that the 
chemical was detected in at least one other sample in the data set (EPA 1989a) An 
exception to this rule is when the SQL is unusually high due to sample dilution The SQL 
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for diluted samples can far exceed the measured concentrations of the chemical in other 
samples These samples were excluded from the data set i f  they caused the arithmetic mean 
concentrations to exceed the maximum detected concentration 

The same pnnciple was applied when a compound was detected in very few samples and only 
at estimated quantifies below the CRQL If using one-half the CRQL for nondetects caused 
the arithmetic mean concentrations to exceed the maximum reported concentration, those 
nondetect samples were excluded from the data set \ 

1* 

% 

Attachment J1 to Appendix J contains tables shown8 all analytical res&sn the data sets and 
the calculation of  95% UCL concentrations for COCs in the sampled media The 95% UCL 
concentrations were calculated based on either a aormal or lognormal distnbuQon, as 
appropriate In some cases, the calculatlon”.of the 95% UCL based on a lognormal 
distribution gave an unreasonable result (eg,-%a d u e  much higher than the maximum 
observation), even though the data appear to fit a l o m o d  distnbution These cases were 
most common for small data sets and forkger  data sets that had a range of several orders 
of  magnitude between the minimum and mamum observations When unreasonable results 
were obtained, other values (either the mmmum concentration or the 95% UCL based on a 
normal distribution) were 4- the exposure concentration for risk assessment These cases 
were noted in Tables 6,5-l%mugh 6 5-6 and are discussed in Attachment Jl 

6.5.2 Surface Soil 

%%L 

--* a 

* _  

Table 6 5-1 pmmZizes themconcentrations of COCs in onsite surface soil in each 
exposure area COCs are ant;mony, silver, vanadium, zinc, Am-241, and Pu-2391240 
Exposure point concentrations were calculated for AOC No 1 ,  AOC No 2, and the 30-acre 
maximum exposure area in AOC No 2 

6.5.3 Subsurface Soil 

RME concentrations of COCs in subsurface sa I are summarized in Table 6 5-2 The 
subsurface soil concentrations were used to estimate health risks associated wth construcfion 
worker exposures Exposure concentrations were calculated for AOCs No 1 and No 2, 
where future construcbon activities were assumed to occur 
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6 5 4 Groundwater 

Groundwater in OU6 is not ingested and is not expected to be used as a dnnking water 
source in the future therefore, exposure concentraoons for ingestion of groundwater were not 
calculated (except for COIs evaluated In Secbon 6 10 7) However exposure to groundwater 
COCs via inhalation of VOCs migrating into a future office budding was evaluated in AOC 
No 2 (there is no measurable groundwater in AOC No 1) Maximum concentranons of 
volatile COCs in groundwater are summarized in Table 6 5-3 These concentranons were 
used as conservative source concentrations for soil gas modeling and estimating basement am 
concentrations in a building (future office worker exposure) 

6 5.5 Pond Sediment 

RME concentrations of COCs in pond sediment are summarized in Table 6 5-4 The pond 
sediment concentrations were used to estimate hedth effects associated wth incldental 
ingestion and dermal contact by ecologicd workers and open space recreational users 
Exposure concentrations of antimony Am-241 aRd Pu-2391240 which are COCs in surface 
soil were modeled assuming transport from surface soil in storm runoff (see Table 6 5-13 and 
Section J5 10) 

1 

Additional pond sediment samples were callected in a separate sampling program in 1994 
These data are evaluated in Attachment J5 to Appendix J 

6 5 6 Pond Surface Water 

RME concentrations of COCs in pond surface water are summarized in Table 6 5-5 The 
pond surface water concentrations were used to estimate health effects associated wth 
incidental ingestion and dermal contact wth surface water by ecological workers and open 
space recreational users In addition although they are not COCs in surface water 
concentrations of antimony Am-241 and Pu-239/240 transported from surface soil in storm 
runoff were also estimated (Table 6 5-13 and Section 6 5 10) 
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6.5 7 Strerrm/Dry Sedrment 

sediment are summanzed in Table 6 5-6 The 
4 t h  nsks assomated wth incidental ingmon, 

RME concentratmns of COCs in stream/dq 
RME concentrahons were used to emate  
dermal contact, and inhdrrtron of airborne p 
recreatronal users RME concentratrons q 

63.8 Air Conecatrrrdonsfrom Wind EI 

Tables 6 5-7 through 6 5-9 swnmmze th 

approach and results OIC pmwnted in 
wnd erosion of surface soil =were esttm 

a box model that is o b  used to 
vtclnity ef an missron smcce, 
cmimon ra& for PMle and other 

at surface soil The (ur modeling 

ttkted Valley Dispersion M d ,  
centratlons in &e immediate 

a-slte-apccific- wmc) erosiw 

ag~cal data (1989 to 1N3) to yield 

centrmons Air cs~xntrat~ons of COCs 
were calculated by 

surfacesoil Them 
as a conservatrve fit concentrabon in die nsk assessment 

osstntel/on Aetivaties 

s of COCs adhered to 
dAOCNo 2 Inthe 

d erosion of suhce 
e soil in a IO-acre mcwBfion site, and (3) 

e exposure point 
concentrmons are the sum & (ur concen abons msdbng from wnd erosion of surface soil, 

I_ t - ! -. 
I- (4047 92o-00*1 521)(R7 6x9 22 95 9 0 7 a )  -_ 

5 

I - -  .&& 



wnd erosion of subsurface soil and heavy construction activibes Wind erosion o f  surface 
soil has the largest effect on the estimated an concentrations 

6 5 10 Basement Air 

Table 6 5-12 summarizes the exposure point concentrabons o f  COCs in basement au from 
migration of  VOCs from groundwater through a building foundation The modeling approach 
and results are presented in detsul in Appendix I Maximum detected concentrations were 
used as conservative source concentrations in the modding 

6 5 1 1  Modeled Surface Water and Sediment 

Exposure concentrations of  antimony, Am-241 and Pu-239/240 in pond sediment and pond 
surface water were modeled in order to evaluate future impacts of these surface soil COCs 
assuming they were transported from surface soil to the ponds in storm runoff A 
comprehensive mathemama1 model the Hydrological Simulation Program - FORTRAN 
(HSPF) (Bicknell et a1 1993) was developed and applied to the Walnut Creek watershed 
OU6 potential contaminant sources in the watershed are surface soils and in-situ stream and 
pond sediment Groundwater loads were not considered a significant source and were not 
included in the model (see discussion in Semon 5) VOCs detected in pond water samples 
were also not modeled because therr concentrations are low and fate and transport processes 
such as volathzation, would render therr eoncentration negligible over an exposure duration 
of several years Instead measured concentrations of  VOCs in pond water were used as 

exposure point concentrations in nsk assessment (see Section 6 5 6) 

The potentral for resuspension and migration of in-situ pond and stream sediment was 
estimated to be very low, even under extreme flow conditions, according to a conservatwe 
screening-level evaluation discussed in Attachment A of  Appendix H Therefore migration 
of sediment out o f  the A- and B- series ponds is not expected Furthermore concentrations 
of  sediment COCs wll not increase in the future because chemical concentrations in OU6 
soils are lower than current concentrations in pond sediment 

Only future receptors (ecological researchers and open space recreational users) are assumed 
to be exposed to pond sediments To estimate future sediment concentrations followng 
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6 6 1 General Intake Equation 

The general equation for calculating chemical intake in terms of mg/kg-day is 

chemical concentration x intake rate x exposure frequency x exposure duranon 
body weight x averaging time 

Intake = 

wth corresponding units o f  

mglvolume or mass x volume or masslday x daylyear x year 
kg x day 

mgkgday = 

The variable "averaging time'' is expressed in days to calculate di ly  intake For 

noncarcinogenic chemicals the averaging lime IS equivalent to the exposure duration, 
expressed in days yielding an average d i l y  dose during the exposure penod For 
carcinogens the averaging time is a 70-year lifeome, expressed as 25 550 days, yielding 
"lifetime average daily intake'' (EPA 1989a) Intake o f  carcinogens is averaged over a 
lifetime because according to some scienbfic opmmn and EPA policy, a high dose received 
over a short period o f  time is equivalent to a corresponding low dose received over a Iifebme, 
and even very low doses of carcinogens are assumed to have the potential to cause cancer 

(1 e it is assumed that carcinogens do not have a threshold dose below which adverse effects 
do not occur) Therefore the lifetime datiy intake o f  a carcinogen is estimated by averaging 
over a 70-year lifetune 

Intake o f  radionuclides was calculated using equations similar to those for calculating intake 
o f  chemicals Intake o f  radionuclides by either ingestion or inhalation is a function o f  
radionuclide activity concentrahon intake rate (or the amount of  contaminated medium 
contacted per unit time or event) and exposure frequency and duration The only difference 
between calculating intake for radionuclides and nonradioactive substances is that averaging 
time and body weight are excluded from the intake equations for radionuclides 
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6 6 4 Chemical-Specific Exposure Factors 

Several exposure parameters listed in the Exposure Factors Tables in Attachment J2 are 
chemical-specific These are discussed below 

Soil Matrix Effect The soil matnx effect descnbes the reduced bioavadability o f  a chemical 
constituent bound to a soil matrix (or other solid such as food) compared to the same 
chemical constituent in solution For COCs in soil whose toxicity factors were derived from 
studies in which the agent was administered in soluaon, a soil matnx factor of 0 5 was used 
in calculating chemical intake for risk assessment Chemical-specific sort matnx effects for 
COCs in soil are listed in Table 6 6-2 The rnatnx effect o f  0 5 is a conservatrve value 
derived from a review of  literature summanzed m Table 6 6-3 Further discussion is 
provided in Appendix J Section J6 6 The rnatnx effects were applied to ingestron o f  COCs 
in soil and sediment 

Absorption Factors The absorption factor is st chemical-specific value describing the fiachon 
of  organic chemical in soil that is absorbed by l e  skin Table 6 6-4 lists the values and 

sources for absorption factors used in this risk assessment Dermal absorpaon of  
radionuclides and metals (other than mercury) is considered negligible because they are not 
absorbed well across the skin (EPA 1989% 1991 b) Therefore dermal uptake o f  radionuclides 
and metals was considered negligibfe and was not evaluated in this risk assessment 

Permeability Constants Permeability constants are chemical-specific factors that describe the 
rate at which dissolved (aqueous-phase) chemicals permeate the skin Absorpoon of metals 
and radionuclides adhered to suspended sediment was assumed to be negligible and was not 
evaluated Permeability constants for organic contaminants in surface water are listed in 

Table 6 6-4 

6 7 TOXICITY ASSESSMENT 

Tables 6 7-1 6 7-2 and 6 7-3 present the reference concentrations (RfCs), reference doses 
(RfDs) cancer slope factors (SFs) and radionuclide dose coefficients that were used to 
estimate noncarcinogenic health hazards cancer risks and annual radiation doses These 
factors are established by EPA for use in CERCLA risk assessments RfCs and RfDs can be 
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however that the level o f  concern does not increase linearly as the RfD is approached or 

exceeded This is because all RfDs are not assessed equally accurate and are not based on 
the same severity o f  toxic effects Since the HQ does not define a dose-response relationship, 
its numerical value cannot be construed as a direct estimate o f  risk (EPA 1986) 

To assess exposures to multiple chemicals, the HQs for each chemical are summed to yield 
an HI per receptor per pathway The assumption o f  additive effects reflected in the HI is 
most properly applied to substances that induce the same effect by the same mechanism (EPA 
1986) Consequently, summing HQs for substances that are not expected to induce the same 
type o f  effect could overestimate the potential for adverse effects The Hf provides a measure 
o f  the potential for adverse effects but it is conservatwe and dependent on the quality of  
experimentally denved evidence 

If an individual may be exposed by multiple pathways, the HIS from all relevant pathways 
are summed to obtain the total HI for that receptor If the total HI is less than or equal to 
1 multiple-pathway exposures to COCs at the ate  are judged unlikely to result in an adverse 
effect If the sum is greater than 1 further evalwon of exposure assumptions and toxicity, 
including consideration of  specific target organs affected and mechanisms of  toxic actions of 
COCs is warranted to ascertatn i f  the cumulative exposure would in fact be likely to harm 
exposed individuals 

6 8 2 Carcinogenic RIsk 

Potential carcumgenic effects are characterized in terms o f  the incremental probability o f  an 
individual developing cancer over a lifetime as a result of exposure to a potenfial carcinogen 
Excess lifetime cancer risk is estimated from the projected lifetime daily average intake and 
the cancer SF, which represents an upperbound estimate of the dose-response relationship 
Excess lifetime cancer risk is calculated by multiplying the average d i ly  chemical intake by 
the cancer SF as follows 

Cancer k s k  = Chemical Intake (mgkg-day) x SF (mgkg-day) ’ 

EPA states that carcinogenic risks estimated using SFs are upperbound estimates This means 
that the actual risk is likely to be less than the predicted risk (EPA 1989a) RME cancer risks 
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10 000) for exposure to chemicals released from hazardous waste sites (EPA 1989a), 
indicating negligible risk for all receptors 

6 8 4  AOCNo 2 

AOC No 2 includes the Sludge Dispersal Area, Triangle Area, and Soil Dump Area and is 
approximately 50 acres in areal extent Hazardshsks for future office workers were evaluated 
in a 30-acre maximum exposure area in AOC No 2, which includes all of  the Sludge 
Dispersal Area, the Triangle Area, and approximately half of the Sod Dump Area All other 
receptors were assumed to be exposed to the entire area Hazardrisk resuits for all receptors 
in AOC No 2 are summanzed in Table 6 8-2, and detailed in Attachment 33 in Appendix J 

Noncarcinoeenic Hazard Index For all current and future onsite receptors the cumulative 
HIS for noncarcinogenic health effects in AOC No 2 are 0 01 or less for the average and 
FME conditions indicating that no adverse noncancec health effects are expected under the 
exposure conditions evaluated 

Carcinogenic Risk For current and future onsite receptors the estimated excess lifetime 
cancer risks in AOC No 2 are less than 1E-06 (Table 6 8-2) indicatmg that cancer risks are 
negligible for all receptors 

685 A O C N o 3  

AOC No 3 includes Ponds A-I, A-2, and A-3 and the interconnecting stream segments 
AOC No 3 is approxrmately 50 acres in areal extent Hazard/risk results for the future 
receptors exposed to AOC No 3 are summarized in Table 6 8-3 and detailed in Attachment 
J3 

Noncarcinoeenic Hazard Index The cumulative HIS for noncarcinogenic health effects for 
future onsite receptors in AOC No 3 are 0 03 or less for the average and RME conditions 
(Table 6 8-3) therefore no adverse noncancer health effects are expected under the exposure 
conditions evaluated 
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6 8 8 Summary of Cumulative Hazard/Risk Results 

Hazardhisk characterization was performed for five onsite receptors in four AOCs in WETS 
OU6 Results are summanzed in Tables 6 8-1 through 6 8-4 and detmled in Attachment 53 

in Appendix J 

Cumulative HIS were less than 1 and cancer risk estimates were below 6E-06 for all receptors 
and exposure scenanos Cancer risk estimates using 1994 pond sediment data from Ponds 
A-1 A-2 B-1 and B-2 were 9E-06 or below These levels are whin EPA guidelines and 
suggest that further action to reduce nsk may not be warranted 

6 8 9 Evaluation of Health Hazards from Potentrid Exposure to Lead in OU6 

Lead was detected in greater than 5 percent of surface soil, subsurface soil, and groundwater 
samples in OU6 Lead does not have an EPA-establiedtoxicity factor so risks cannot be 
quantitatively evaluated In this section the potenhal for health hazards from exposure to 
lead in soil and groundwater are discussed 

/ 

Surface Soil Concentration dutnbutions of  lead in surface soil in OU6 were not different 
from background distributions according to statisacal background comparisons However, 
four sample results from surface S O T ~  exceeded the background U T L ,  o f  61 4 m a g  EPA's 
Revised Interim Soil Lead Guidance recommends a screening level o f  400 ppm (400 mgkg) 
for residential scenarios (EPA 1994b) The maximum detected concentration o f  lead in 

surface soil in OU6 (68 7 mg/kg) was far less than EPA's screening level for residentd soil 
indicating that no further action is required based on lead in surface soil 

Subsurface Soil Concentration distributions of lead in subsurface soil in OU6 were not 
different from background distributions according to statistical background comparisons 
However, two sample results from subsurface soil exceeded the background UTL, of 31 

mgkg The maximum detected concentration of lead in subsurface soil in OU6 (84 9 mgkg) 
was far less than EPA's screening level for residential soil (400 mg/kg) indicating that no 
further action is required based on lead in subsurface soil (€PA 1994b) 
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S t a t m d  background corn soct showed 4mt lead was abave background 

maxlmum concentraWR of lead in filtered Qoundurata (3 4 pg&) 44 not exceed the fcdenl 6 
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where 

Annual radionuclide intake via inhdanon or ingestion (pCi/yr) 
Activity concentration of a radionuclide at the exposure point 
(pcl/m3 ~ C I / L  or pCi/g) 
Intake rate (m3/day, L/day, or kg/day) 

- Intake,, - 
- - C 

- IR - 
EF - - Exposure frequency (days/y ear) 

Exposure factors used in calculanng annual radionuclde intake for spccific receptors and 
pathways are presented in Attachment 52 The annual intake of  each radionuclide in pCi/year 
was multiplied by the committed effective dose coefficient (mrem/pCi) from Table 6 7-3 to 
estlmate the committed effective dose equivalent (CEDE) for one year of  exposure 
(mrem/y ear) 

External Irradiation 
concentration in soil (pCi/m2) adjusted for a gamma shielding factor is first calculated 

For the external irradiabon route of exposure an areal acnvity 

AC = C* - leg * SD * D * (I-&) 
kg 

where 

AC Areal activity concentration in soil, adjusted r3r a gamma shie 
factor (pci/m2) 

- - ling 

C 

SD 
D 
Se 

- - Mass acnvity concentration of a radionuclide at the exposure point 
(pCi/g soil) 
Soil density at WETS (1 84E+03 kg/m3) 

Soil depth (0 0508m) (2 inches) 
Gamma shielding factor (unitless) 

- - 
- - 
- - 

Exposure factors used in calculating annual radionuclide intake for specific receptors and 
pathways are presented in Attachment J2 The areal activity Concentration of  each 
radionuclide in soil was multiplied by the number of  hours of  exposure per year to obtam the 
annual external irradiation exposure as indicated in the followng equation 
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limit for members of  the public is the level used for companson to radiation doses estimated 
for receptors evaluated in OU6 

6 9 3  Radiation Dose Esbmates 

Annual radiation doses, in terms of TEDE for one year o f  exposure, were estimated for five 
onsite receptors in four AOCs in RFETS OU6 Onsite receptors are current workers future 
office workers, future ecological workers, future open space users, and future constructlon 
workers Results are summarized in Table 6 9-1 through 6 9-4 and detailed in Section J9 0 
and Attachment 54 

Exposure pathways included ingestion of soil, surface water and sediments inhalation o f  
airborne particulates and external irradiatmn 

Radiation dose calculahons for AOC No 1 are summarized In Table 6 9-1 Estimated annual 
radiation doses were 0 02 mrem or lower for all receptors evaluated in AOC No 1 These 
doses are below the DOE limit of  100 mremi’year for protection of public health and 5 000 

mremiyear for radiological worker exposure 

Radiation dose calculatrons for AOC No 2 are summanzed in Table 69-2 Total annual 
radiation doses were 0 1 mrem/yearor less for all onsite receptors in AOC No 2, indicamg 
that exposure to radionuclides in AOC No 2 IS negligible 

Radiation dose calculations for AOC No 3 are summanzed in Table 6 9-3 Total annual 
radiation doses were 0 06 mrem/year or less for both future onsite receptors in AOC No 3,  

indicating that exposure to radionuclides in AOC No 3 is negligible 

Radiation dose calculations for AOC No 4 are summarized in Table 6 9-4 Total annual 
radiation doses were 0 6 mremiyear or less for both future onsite receptors in AOC No 4 

indicating that exposure to radionuclides in AOC No 4 is negligible 
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6 10 UNCERTAINTIES AND LIMITATIONS 

Uncertamties and limitations are inherent in the risk assessment process The level of 
certinty associated wth the conclusions of the nsk assessment are condihonal upon the 
quality of data and models used to identify COCs and estlmate chemical concentrations, the 
assumptions made in estimating exposure conditions, the conservatism of  the methods used 
to develop toxicity values, and the conservatism of methods uwd to characterize nsk At all 
stages of  this nsk assessment, reasonable conservative assumptions were made that tend to 
result in an overeshmate of potential risk 

Uncertainties specific to the human health nsk assessment for OU6 lie chiefly in the 
identification o f  COCs, the estimation o f  exposure point concentrations, the media not 
evaluated, the assumptions regarding human '.exposure scenanos at WETS, and toxicity 
assessment Each of  these are discussed below 

Y 

6 10.1 Identification of COCs -" 
% 

The screening process used to select a subset of chemicals for evaluation in the risk 
assessment was intended to sndude all compounds wth concentrations high enough to cause 
a concern for potential h d M  hazards The screening process included a background 
comparison for inorganrc analytes, a-kquency test (analytes detected at less than 5 percent 
frequency were excluded as OU-wde contaminants because exposure potential is minimal), 
and concentration/toxiaty screens that evaluate relatwe contribution to overall risk based on 
maximum detscteil concentrations 

Concentratron/toxicity screens have the potential for eliminating chemicals that could 
contribute significantly to overall risk i f  the relative magnitude of  maximum concentrabons 
differs from the dative magnitude of exposure concentrations (95% UCLs of the mean) 
However, the selection process was sufficiently conservative so that potentially significant 
sources of health risk were not overlooked, as illustrated in the followng examples In 
subsurface soil, barium was the only analyte identified as a noncarcinogenic COC based on 
the results o f  the concentratiodtoxicity screen Of those potential COCs excluded by the 
screen, vanadium had the highest combination of maximum concentration and toxicity 
However, at its maximum concentration, vanadium would result in an RME HI of only 0 005, 
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indicating that vanadium and other compounds excluded by the screen would have contnbuted 
insignificantly to overall noncarcinogenic risk from exposure to potenbal COCs in subsurface 
soil Similarly in pond sediment benzo(a)anthracene was excluded by the screen but the 
incremental cancer risk associated wth the maximum concentration o f  benzo(a)anthracene 
(5E-08) is insignificant compared to overall cancer nsk from ingestion o f  pond sediment (3E- 
06) 

6 10 2 Exposure Point Concentrations 

The chief uncertainties in estimating exposure point concentrabons of COCs lie in the 
numerical estimate of  an average exposure concentration and in the modeling assumptions 
used to estimate concentrations in air surface water, and sediment The uncertamties can 
result in either an underestimate or overesbmate of the concentration terms for risk 
assessment however conservative approaches were taken so as not to underestimate average 
exposure concentrations for the exposure scenarios being evaluated in risk assessment 

For example concentration terms were either the 95% UCLs of the mean (normal or 
lognormal distribution) or the maximum detected concentrations The 95% UCL is used 
rather than the arithmetic mean concentration to provide an additional level of  conservatism 
in accounting for the uncertamties involved in estimating the true mean from a relatively 
small data set Uncertainty related to small sample size variability in sample results extreme 
values and accounting for negative or zero values usually results in a high rather than a low 

bias to the estimate and therefore is not expected to result in an underestimation o f  exposure 
or risk 

Modeling input parameters were based on conservative assumptions that were expected to 
result in conservative (protective) estimates of exposure concentrations for risk assessment 
Examples of conservative modeling parameters include (1) conservative estimates o f  mixing 
heights for onsite box models conservative estimates of emission rates during construchon 
and use o f  maximum annual average air concentrations for COCs as exposure point 
concentrations for air modeling (2) use of  maximum modeled concentrations for pond 
sediment and surface water concentrations and (3) use o f  maximum VOC concentrations in 

groundwater and conservative estimates of transport through soil and building foundations for 
estimating "basement air" concentrations o f  VOCs 
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6 10.3 Media Not Evaluated 

As discussed in Sechon J14, MSSs Evaluated in the XIHRA, and in Ssction J3 4 2, 
Groundwater COCs Evaluated in the "RA, groundwater ches A, B, and C that 

appears to contam constrtuents related to potenkd releases Landfill (OU7) were not 
evaluated in the OU6 HHRA because potentlal gro atton in this area is 

expected to be evaluated in OU7 and OU6 MSSs are the detscted arralytes 

in groundwater In addttron, nitrates detected in 

were not evaluated in the HHRA, pnmanly bec 
Ponds) Therefore, potend mignrtlon of n 
source concentrahons necessuy for d e l i n B  
Furthermore, ingestron of groundwater 

exposure scenano evaluated under current o 

6 104 Exposure Scenanos and 

The chief uncertamty in 

the uncertmnty In future 1 
commercial ecological recrmonal, and construmon Scenanos 
Therefore, the un 
range of scenmos evd 

6 10.5 Toxicrm-ent-= -- 

Toxicity vducs denved by EPA are consenratwe upperbound esbmates of potenbal tamcity 

or carciqgenqty of chemicals, and their use in nsk assessment tends to result in sn 
overearnat; @ &tendl  nsk Several detected chemicals do not have EPA-established 
toxicity factors ankould-not be evaluated quanbtatwely in the nsk assessment Some of the 
chemicals were detected at low frequency and many were detected at low concentrabons 
Lead, copper, dibenzofuran, and a few PAHs were detected at high frequency or at high 
concentrabons in vmous media but do not have EPA established tomcity vdues Each were 
evaluated qualitatwely and are not expected to contribute to underestrmabon of nsk 

based OR OU6 sampling data 
plcte exposure pathway for any 

. i 
P 

1- --\ 
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-, 

a 

. 
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For example concentrations o f  lead in surface and subsurface soil were lower than EPA's 
screening level o f  400 mgkg for residential scenanos indicating that lead in surface soil 
would not be expected to pose a health nsk Maximum copper concentrations in surface soil 
were comparable to maximum concentrations o f  other metals in surface soil Because 
inorganic COCs in surface soil did not result in unacceptable risk and because copper is 
generally considered to have relatively low toxicity in humans, it is unlikely that exposure 
to copper in surface soil would result in unacceptable nsk PAHs in subsurface soil, pond 
sediment and stream/dry sediment that did not have toxicity values are probably less toxic 
than benzo(a)pyrene Because benzo(a)pyrene did not pose an unacceptable nsk to any 
receptors in these media, it is unlikely that PAHs wthout toxicity values would pose an 
unacceptable risk 

6 10 6 Evaluation of  Risk Associated with Specral-Case COCs 

Special-case COCs are compounds that were infrequently detected (4 percent) but that 
exceeded 1000 times the RBC Vinyl chtorde In groundwater was the only special-case 
COC in OU6 Cancer risk that would be assmated wth ingestion of vinyl chlonde in 

groundwater was evaluated using residenttal exposure assumptions even though residential 
development is not a reasonable or expected future use scenario Cancer risks were estimated 
using vinyl chloride concentrations in the only well where vinyl chloride was detected (well 
3586) Cancer risk estimates were 4E-04 (CT) and 1E-02 (RAE), which exceed the EPA 
target risk range o f  1E-06 to 1E-04 Vinyl chloride in that well would pose unacceptable nsk 
to humans i f  ingested daily for many years However vinyl chloride was not detected in any 

other well nor tn any medium such as surface water that is downgradient o f  the contaminated 
well Since onsite use o f  groundwater is unlikely under any o f  the assumed exposure 
scenarios current and future receptors will not likely be exposed to vinyl chlonde in 

groundwater 

6 10 7 Evaluation of  Risk Associated with Chemical o f  Interest (COIs) 

Chemicals o f  interest (COIs) are compounds that are probably not environmental 
contaminants (1 e the are probably naturally occurring) but were retained for separate 
consideration because o f  their potential toxicity at environmental levels a 
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Metals in Eroundwater in OU6 Hazardlnsk results for hypothead residentd mgesbon of 
COIs in OU6 groundwater are shown in Table 6 10-1 The HIS were 1 (CT) and 9 (RMZ) 
Manganese contnbuted most to the total HIS HQs for other metals were near or less than 
1 Cancer nsk &mates were 4E-06 (CT) and 1E-04 (RME) These -mates are wthin 
EPA’s target nsk range of 1E-06 to 1E-04 (1 III 1 million to lfm~lO,OOO) Both arsenic and 
beryllium contnbuted significantly to the total cancer nsk && 

As a cornpanson to nsk esbmates for metals in unfilt 
help support the conclusion drawn in the COC 
groundwater are naturally occurring, 
residenaal ingesbon of background levels o f  
unfiltered groundwater Total HIS for non 
CT exposure and RME condlbons re 
and beryllium in background are ve 
were lower in badcpund 
concentrmons in groundwater 
geochemical differences, not envi n, because OU6 groundwater wells 
were located in areas wth aI manganese and iron, whereas 
backgrounll wells w e n  locatadln areas w h  &latwely b w  concehtraaons of manganese and 
iron 

The lifmme excess cancer ris wth ingestmg background concentrattons of 
arsenic and beryllium in groundwater are %E-06 (8 in 1 million) and 2E-04 (2 in 10,000) for 

the CT exposure and RME m&bqps, respe&vely Thus, RME cancer nsk from exposure 
to COIs in groundwater at backg.ra”und levels exceeds that from exposure to COIs in OU6 
groundwater 

-2 
2 -  

metals in OU6 

geni<health effects were 0 3 and 3 0 for the 
’& 10-1) HQs for anamony, anemic, 

OU6, whereas HQs for manganese 
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Hazardnsk eqttmates from hypothmcal residentral exposure to naturally occumng 
(background) lev&ofLmetals in groundwater exceed EPA target levels for health hazard 
indexes and cancer n$ Similar hazardhsk levels were emmated for COIs in groundwater 
in OU6, suggesang that COIs in groundwater samples in OU6 are naturalfy occumng and are 
not due to enwronmental contaminmon 
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Arsenic in stream/dry sediment Arsenic in stream/dry sediment occurs in concentrations 
comparable to background levels and appears to be naturally occumng (DOE 1994a) 
Nevertheless because of special concerns regarding arsenic toxicity, hazard indexes and 
cancer risk associated wth exposure to arsenic in streamldry sediment were evaluated for the 
open space recreational use exposure scenario The total HI for exposure to arsenic in OU6 
stream/dry sediment was well below 1, and the cancer risk esnmate was 3E-07, indicatmg 
negligible risk to recreatlonal users Hazardlrisks were also calculated for exposure to 
background levels of arsenic The total M at background concentrations was also well below 
1 and the cancer nsk estimate was 2E-07 In concluslon, arsenic concentrations in OU6 
stream/dry sediment and background locations are similar and hazardlnsk results are similar 
Arsenic is not considered a site contaminant in OU6 

6 11 SUMMARY AND CONCLUSIONS 

6 11 1 Summary 

The HHRA for WETS OU6 estimated heaIth nsks and annual radiation doses for current and 
future onsite receptors who could be exposed directly or indirectly to COCs at or released 
from sources in OU6 COCs were identified as the chemicals metals or radionuclides in soil 
or groundwater that were likefy to contribute at least 1 percent of overall risk The COCs 

wth the largest contribution to nsk were Am-241 and Pu-239/240 in surface and pond 
sediment and Aroclor-1254 in pond sediment 

Exposure scenarios evaluated were a current worker (secunty patrol), a future office worker 
a future ecological researcher, a construction worker, and a future open space recreational 
user 

Exposure media evaluated were surface soil, subsurface soil (construction worker only), 
outdoor and indoor air pond sediment pond surface water and stream/dry sediment 

k sks  were estimated for four AOCs in OU6 AOC No 1 is the North Spray Field Area 
AOC No 2 includes the Sludge Dispersal Area Triangle Area and Soil Dump Area AOC 
No 3 includes Ponds A-1 A-2 and A-3 AOC No 4 includes Ponds B-1 through B-4 In 
addition risks for the future office worker were evaluated in a 30-acre maximum exposure 

I 
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area in AOC No 2 and nsks for the future open space recreakonal user and ecological worker 
exposed to &ment In Ponds A-I, A-2, B-I, and B-2 were e v a l d  usmg 1994 pond 
sediment sampling data. 

Annual radiaaon doses in terms of rnrem/year were also estmated,for cornpanson to natIond 
radiaaon standards 5- i 

The nsk charactenmon process contimes average mum estimates of 

exposure wth upperbound -mates of tomcity to y ve) -mates 
of  health nsk Emmates of health nsk for avera#?$C'T) and RME are p m d e d  
so that nsk management decisions can be b$/n a range of potentml nsk for different 

r .f 
p /- 
A %  

exposure scenanos 

Results of the nsk assessment can be descnb 

b AOC No 1 mdA were below 1 and RME cancer 
1E-06 to IE-04 for all 

no adverse noncaranogenic health 
nsk estmates we 

d for all receptors evaluated 

e below 1 and RME cancer 
below for both receptors The maxlmum cancer 

-06 for the open space user is wthm EPA's acceptable nsk 
Ingmon of maxlmum modeled concentratmns of 

40 in pond sedrment over a 30-year exposure duraon 
for open spahe use is the chief contnbutor to this emmate of cancer nsk 

--% %- ,even the wnservmsm of using maxlmum concentrabons and a 30-year 

-+xpwyre*zwafion, the RME cmcm nsk -mates for recreatronal open space 
The results 

*i % +  

s -r 

ex@xureStto the ponds vety likely overstmate potenhal nsk 
indicate that there IS negligible nsk for these receptors 

k" 

b 1994 pond sediment samples Cumuiatws HIS were below I and RME cancer 
risk emmates were 9E-06 or below for both receptors These esttmates 
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support risk results for AOC No 3 and AOC No 4 indicanng no unacceptable 
risk for receptors exposed to pond sediment in OU6 

0 Estimates of annual radiation doses for onsite receptors were less than 06 
mremlyear, well below the DOE standard of  100 mremlyear for protection of 
the public 

0 Background and OU6 levels of  COIs in unfiltered groundwater (antimony 
arsenic beryllium and manganese) would pose unacceptable risk i f  directly 
ingested 

0 Vinyl chloride in groundwater in well 3586 (evaluated as a special-case COC) 
would pose unacceptable risk i f  directly ingested 

6 11 2 Conclusions 

The maximum RME cancer risk estimates were 6E-06 for a future open space recreational 
user in AOC No 4 and 9E-06 for a future open space recreational user exposed to Ponds B-1 
and B-2 (1994 pond sediment samples Attachment JS) Cancer risk esnmates for all other 
receptors and exposure areas were at or below 1E-06 HIS were below 1 for all receptors 

Estimated annual radiation doses for onstte receptors were less than 0 6 mrem/year well 
below the DOE standard of 100 mremlyear for protection o f  the public 

In general cancer risk levels that do not exceed 1E-04 combined wth HIS that do not 
exceed 1 may be used to support a decision that remediation is not warranted for the 
protection o f  public health (EPA 1991c) These results suggest that remediation o f  exposure 
media evaluated in the OU6 "RA (surface soil subsurface soil A- and B-series ponds and 
adjacent stream segments) may not be necessary for protection of  public health 
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TABLE 6 3-2 
METALS DETECTED AT 

5% OR GREATER FREQUENCY 
SURFACE SOIL"' - 

&mum Detected Detmon 

Chemlcal (mg/kg) % > Background (3)'? 

Alurmnum 24 100 100 No 
Anumonv 43 6 47 Yes 
ArSemc 11 100 No 
Bi3flUlI.l 272 100 No 
Beryllium 1 5  90 No 
C a h u m  6 4  41 No 
Cesium 35 4 86 No 
Chromlum 35 1 99 Yes 
Cobalt 20 3 100 Yes 

61 6 100 YeS 
Lead 68 7 100 Yes 
LlthlUm 18 1 95 No @ Manganese 823 100 No 
Mercury 0 34 41 Yes 
Nickel 22 5 95 Yes 
Selemum 1 3  35 No 
Silver 52 7 8 Ye5 
Stronmm 25s 100 Yes 
Thallium 0 55 44 No 
Tin 38 7 5 No 
VaMdlWn 75 9 100 Yes 
Zinc 650 100 YeS 

Concentnuon Frequency(') 

( I )  Excluding data from OM Outfall (MSS 143) whch was removed from evaluation in OU6 
'" Detecuon frequency calculated wthout QNQC duplicate samples 
0) Background cornpanson is demled in Appendix A of Tecluucal Memorandum No 4 (DOE 1994c) 

I 
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TABLE 6.3-3 

-ACE SCBIL“’ 
NONCARCINOGENS 

CONCENT~TION~OXICITY SCREEN 
7 

* .  

r 

Smnuum 255 da 6 Q E 4 f  43EM2 3 1E-03 0 3  
cobalt 20 3 nla &(im2 3 3EM2 2 5E-03 0 2  
ChrormUm 35 1 nla 4 d+OO /\- 3 SEM1 2 6E-04 00  
Total fisk Factor \- k.2 =;‘ 14EM5 %= 

sheetlofl 
.. 



TABLE 6 3-4 
CONCENTRATION/TOXICITY SCREEN 

SURFACE SOIL"' 
RADIONUCLIDES 

c 

-mum % 
Detected Inhalauon oral Rlsk Rlsk of Total 

Chemcal Conc (pCl/g) Slope Factor Slope Factor Factor Index hskFactor 
Plutoruum 239/240 I5 22 2 8E-08 3 2E-10 43E-07 77E-01 77 1 
Americium-24 1 3 243 3 9E-08 3 3E-10 13E-07 23E-01 22 9 

Total h s k  Factor 5 SE-07 

(I) Excludmg data from Old Outfall (MSS 143) whch was removed from evaluauon in OU6 
Slope factors are in mts of nsWpCi 
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TABLE 6 3-5 
ORGANIC COMPOUNDS AND METALS DEI'ECTED AT 

5% O~GREATERFREQUENCY 
ShSURF'ACE SOIL"' 



TABLE 6 3-6 
CONCENTRATIONITOXICITY SCREEN 

SUBSURFACE SOIL"' 
NONCARCINOGENS 

Maxlmum 
Detected Inhalahon Oral h k  Rsk 'Yo O f  Total 

Chemical Conc ( m a g )  RfD RfD Factor Index Rxk Factor 
Banum 2 970 14E-04 70E-02 2lEi-07 10E+00 99 9 
Vanadmm 118 n/a 70E-03 17EMM 79E-04 oi 
Zinc 
Strontium 
Chromium 
Acetone 
2 Butanone 
Fluoranthene 
2 -Chlorophenol 
Toluene 
Pvrene 
Bn(2ethylhexvl)phthalate 

706 
506 
217 
51 
3 7  
0 45 

0 055 
1 1  

0 19 
0 11 

n/a 
n/a 
n/a 
n/a 

3 OE-01 
n/a 
n/a 

1 lE-01 
d a  
n/a 

3 OE 01 
6 OE 01 
1 BE+oo 
1 OE-01 
6 OE-01 
4 OE-02 
5 OE 03 
2 OE-01 
3 OE-02 
2 OE-02 

2 4EN3 
8 4Ei-02 
2 2EM2 
5 IEi-01 
I2EM1 
11Ei-01 
11Ei-01 
1 OEM1 
6 3E+00 
5 5E+00 

11E-04 
4 QE-05 
1 OE-05 
2 4E-06 
5 8E-07 
5 3E-07 
5 2E-07 
4 7E-07 
3 OE-07 
2 6E-07 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

Benzoic acid 0 26 n/a 40E+06 65E-02 31E-09 0 0  
Total ksk  Factor 2 1E+07 a 

'"Excluding data from Old Outfall (MSS 143) which was removed from evaluation in OU6 
IUDs are in units of mgkgdav 
d a  = not available 
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TABLE 6 3-7 
TION/TOXICITY SCREEN 

CARCINOGENS 
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TABLE 6 3-8 
CONCENTRATION/TOXICITY SCREEN 

SUBSURFACE SOIL 
RADIONUCLIDES 

% 
Maxlmum Actrvlty Inhalation oral Rlsk Rlsk of Total 

Chemcal @cm Slope Factor Slope Factor Factor Index Rrsk Factor 
UMW-238 141 12E-08 6 2E-11 17E-06 9 5E-01 95 1 
U ~ ~ n - 2 3 3 / 2 3 4  3 05 14E-08 4 4E-11 4 3E-08 2 4E-02 2 4  
Plutor~~m-23 9/24 0 88 2 8E-08 3 2E-10 2 5E-08 14E-02 1 4  
Amencium-24 1 0 44 3 9E-08 3 3E-10 17E-08 9 6E-03 1 0  
UMW-235 0 16 13E-08 4 E - 1 1  2 1E-09 12E-03 0 1  
Total Rsk Factor 18E-06 

Slope factors are in w t s  of nsWpCi 
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TABLE 6.3-9 
ORGANIC COMPOUNDS AND TOTAL METALS DETECTED AT 

5% ORGREATERF'REQUENCY 
GROUNDWATER 

0 012 
0062 

f 

1 , 2 - D l c m  0 074 S.' 
Oooo7 6 P 

Tin 
V d U m  

0 267 
0 754 

19 
74 

Nb 
YeS 



TABLE 6 3-10 
CONCENTRATION/TOXICITY SCREEN 

GROUNDWATER 
NONCARCINOGENS 

Maximum % 
Detected Inhalatlon Oral h s k  of Total 

Chemcal Conc (ma) RfD RfD Factor Index hsk Factor 
Nitrate 1 760 n/a 16E+oO 11E+03 9 9E-01 98 9 
1 2-Dichloroethene (total) 0 074 n/a 9 OE-03 7 4E-03 0 7  
Tetrachloroethene 0 013 n/a 1 OE-02 13E+00 12E-03 0 1  
Chloroform 0 008 n/a 1 OE-02 8 OE-01 7 2E-04 0 1  
1 l-Dichloroethane 0 062 1 4E-01 1 OM1 6 2E-01 5 6E-04 0 1  
Methylene chlonde 0 032 9 OE-01 6 OE-02 5 3E-01 4 8E-04 0 0  
Acetone 0 027 n/a 1 OE-01 2 7E-01 2 4E-04 0 0  
Toluene 0 016 11E-01 2 OE-OI 15E-01 13E-04 0 0  
CIS- 1 2-Dichloroethene 0 0007 n/a 1 OE-02 7 OE-02 6 3E-05 0 0  
Diethyl phthalate 0 002 n/a 8 OE-01 2 5E-03 2 2E-06 0 0  

Total h s k  Factor 11E4-03 

RfDs are In wts of mgkgday 
Ida = not avalable 
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TABLE 63-11 

GROUNbWATER CARCINOGENS 
C O N C E N T ~ A T I O N R O ~ ~  SCREEN 



TABLE 6 3-12 
CONCENTRATION/TOXICITY SCREEN 

GROUNDWATER RADIONUCLIDES 

Y O  
Maximum Act~wty Inhalation Oral R s k  f isk of Total 

Chemical (pCl/L) Slope Factor Slope Factor Factor Index fisk Factor 
Radium-226"' 8 8  28E-09 * 30E-10 26E-09 54E-01 54 3 
Plutonium 2391240 3 65 28E-08 * 3 2E-10 12E-09 24E-01 24 0 
Amencium 241 3 2  39E-08 * 3 3E 10 11E-09 22E-01 21 7 
Total R s k  Factor 4 9E-09 

Slope factors are in Units of nsWpCi 
* Inhalabon of radionuclides from groundwater is an incomplete pathway Therefore oral toxicity factors were 

(I )  The maximum concentrauon of Radium 226 occurred at the Old Outfall (IHSS 143) Radium 226 was onlv 
used in the screen 

analyzed for in two samples outside of the Old Outfall and the maximum concentration was 1 2 pCdL 
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TABLE 6 3-13 
ORGANIC COMpqUNDS AND METALS DETECTED AT 

5% OR GREATER FREQUENCY 



TABLE 6 3-14 
CONCENTRATION/TOXICITY SCREEN 

POND SEDIMENT 
NONCARCINOGENS 

Maximum % 
Detected Inhalation Oral f isk fisk of Total 

Chemcal Conc ( m a g )  RfD RfD Factor Index Rsk Factor 
Aroclor 1254 10 n/a 20E-05 50E+O5 66E-01 65 9 
Antimony 
Silver 

68 5 n/a 40E-01 I7Ei-05 23E-01 22 6 
345 n/a 50E-03 69E+04 91E-02 9 1  

Vanachum 62 7 n/a 70E-03 9OEi-03 12E-02 1 2  
Bis( 2ethylhexyl)phthal 88 n/a 20E-02 41Ei-03 58E-03 0 6  
Zinc 
cobalt 
Methvlene chlonde 
Pwene 
Chrormum 
Fluoranthene 
Di-n-octylphthalate 
Acenaphthene 
Acetone 
Toluene 
Anthracene 
Benzoic acid 
Butyl benzvlphthalate 

1270  
15 5 
8 3  
3 8  
96 1 
3 5  

0 25 
0 59 
0 81 
1 1  
0 8  
4 6  
0 12 

n/a 
n/a 

9 OE-01 
n/a 
d a  
n/a 
n/a 
nfa 
n/a 

11E61 
n/a 
n/a 
n/a 

3 OE 01 
6 OE-02 

* 60E-02 
3 OE-02 
1 OE+OO 
I OE-02 
2 OE-02 
6 OE-02 
1 a41 

* 2.0E-01 
3 OE-01 
4 OEi-00 
2 0 E  01 

4 2Ei-03 
2 6Ei-02 
1 IE+02 
13Ei-02 
9 6Ei-01 
8 8E+01 
13Ei-01 

8 1EW 
5 5E+00 
2 7E+QO 
1 2E+00 
6 OE-01 

9 8E+00 

5 6E-03 
3 4E-04 
18E-04 
1 7E-04 
1 3E-04 
12E-04 
16E-05 
13E-05 
11E-05 
7 3E-06 
3 5E-06 
1 5E-06 
7 9E-07 

0 6  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

2-Butanone 0 I3 30E-01 * 60E-01 22E-01 2 9E-07 0 0  
Total h s k  Factor 7 6E+05 

RfDs are in units of mgAcgdav 
n/a = not available 
* Inhalatlon is an incomplete pathwav because pond sediments are assumed to remain saturated and contaminants 

( I )  Based on pond sedtment samples collected in 1992 
are not released to illr Therefore oral toxicity factors were used in this screen 

I 
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TABLE 63-15 
CO"TRA"ION/MIXlCiTY SCREEN 

WND SEDIMENT 
CARCINOGENS@) 



TABLE 6 3-16 
CONCENTRATION/TOXICITY SCREEN 

RADIONUCLIDES 
POND SEDIMEN~'~) 

Maximum Actiwty Inhalation Oral R s k  f isk %of Total 
Chenucal @Cl/g) Slope Factor Slope Factor Factor Index ksk Factor 
Plutomum-23 9/240 1174 28E-08 * 32E-10 38E-07 83E-01 82 5 
Amencium 241 230 53 3 9E-08 * 3 3E-10 76E-08 17E-01 16 7 
Uranium 238 26 445 12E-08 * 6 2 E  1I 16E-W 36E-03 0 4  
Uranium-233/234 15 935 14E-08 * 44E-11 7OE-10 1 SE-03 0 2  
Radium-228 2 3  99E-10 * 25E-10 58E-10 13E-03 0 1  
Radium-226 125 2 8E-09 * 3 OE-10 3 8 E  10 82E-04 0 1  
Strontlum 89 90 1 8  69E-11 * 5 6 E  11 1 OE-10 22E-04 0 0  
Uranium-235 0 854 13E-08 * 47E-11 4 0 E  1 1  88E-05 0 0  

Total R s k  Factor 4 6E-07 

Slope factors are in units of nsWpCi 
* Inhalabon is an incomplete pathway because pond sediments are assumed to remain saturated 

and contaminants are not released to air Therefore oral toxlcitv factars were used in the screen 
(I )  Based on pond sediment samples collected in 1992 a 

Sheet 1 of 1 
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TABLE 6 3-17 

ORGANIC COMPOUNDSAND TOTAL METALS DETECTED AT - 
* 

5% OdGREATERFREQUENCY -3 

POkD SURFACE WATER e =  3, 
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TABLE 6 3-18 
CONCENTRATION/TOXICITY SCREEN 

POND SURFACE WATER 
NONCARCINOGENS 

Detected Inhalabon oral &sk h s k  % of Total 
Chenucal Conc (mgL) RfD RfD Factor Index hsk Factor 
1 2  Drchloroethene 0 003 n/a 9 OE-03 3 3E-01 6 OE-01 60 2 
Chloroform 0 002 n/a 1 OE42 2 OEQL 3 6E-01 36 1 
Di-n-butylphthalate 0 002 n/a 1 OE-01 2 OE-02 3 6E-02 3 6  

Total R~sk Factor 5 5E-01 

RtDs are in wts of mgkgday 
n/a = not avitllable 

I 
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TABLE 63-19 

posIID SURFACE WATER 
CARCINOGENS 

CONCEN"'&ATIOWTOX€CITY 
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a 

a 

TABLE 6 3-20 
ORGANIC COMPOUNDS AND METALS DETECTED AT 

5% OR GREATER FREQUENW’ 
STREAM SEDIMENT 

Maxlmum Detected D e m o n  
Concentnuon Frequency‘” 

Chermcal (mflg)  % Background? (’) 
Organic Compounds 

Acetone 0 063 7 
Anthracene 0 15 20 
Benzo(a)anthracene 0 43 27 

Benzo(b)fluoranthene 0 65 27 

Acenaphthene 0 13 7 

Benzo(a)pyrene 0 48 33 

Benzo(g h 1)perylene 0 16 13 
BenzoQfluoranthene 0 23 20 
Benzoic acid 0 51 33 
Benzyl alcohol 0 041 7 
Brs(2ethylhexyl)phthalate 0 19 27 
Butyl benzylphthalate 0 12 7 
Chrysene 0 51 33 
Di-n-butyl phthalate 0 075 33 
Dibenzofuran 0 037 7 
Fluoranthene 1 47 
Fluorene 0 089 7 
Indeno(l2 3cd)pyrene 0 18 20 
Methylene chlonde 0 007 7 
Naphthalene 
Phenanthrene 

0 046 
0 75 

7 
33 

Pyrene 0 96 33 
Metals 
Alurmnum 11,600 100 No 
Anumony 26 3 13 No 
Arsemc 5 8  93 YeS 

BatlUm 177 100 YeS 
Beryllium 1 53 No 
CadrmUm 0 8  7 No 
Cesium 18 1 47 No 
chromum 12 3 100 No 
cobalt 12 4 100 YeS 
Copper 17 7 60 No 
Lead 94 8 100 No 
Llthlum 15 2 93 No 
Manganese lo00 100 Yes 
Mercury 0 13 21 No 
Nickel 19 2 47 No 
Selemum 0 45 13 No 
Silver 1 4  7 No 
Stronuum 95 8 100 Yes 
Thallium 0 46 33 No 
Vanacllum 33 9 100 Yes 

(’) All detected analytes were detected at a frequency greater than 5 percent 
‘*’Detectton fresuency calculated wthout QNQC duplicate samples 
0) Background cornpanson is demled in Appencllx A of Techrucal Memorandum No 4 (DOE 1994c) 
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TABLE 63-21 
CONCE"@ATIONAUXICITY SCREEN 

STREAM SED-NT 
 ONC CARCINOGENS 

F l W ~ ~  
B 1 ~ ( 2 4 y l h a y l ~  
Fluorene 
Aceaaphtbent 
Naphthahe 
Di-n-butylphthe)ate 
Acetone 
Butyl benzylphthalate 
Anthracene 
Btnzylalcohol 
Bemic acd 

1 
0 19 
0 089 
0 13 
0046 
0 075 
0 063 
0 12 
0 15 
0 041 
0 SI  

2 sE*I 
93E+oo 
2.2E+oo 
22E+oo 
12Em 
7 5EOl 
6 3E-01 
6 OE-01 
5 OE-01 
1 m 1  
13E-01 

4 3E-03 
16E-03 
38E.01 
X7E-04 
2 0 4  
13- 
1 lEo4 
1 0- 
85E-05 
2 3E-05 
2.2E-Os 

0 4  
02  
00 
0 0  
Q1) 
0 0  
0-0 
00 
0 0  
0 0  
0 0  



TABLE 6 3-22 
CONCENTRATIONfI’OXICITY SCREEN 

STREAM SEDIMENT 
CARCINOGENS 

-mum 
Detected Inhalauon oral Rlsk fisk %ofTotal 

Chemcal Conc (mgkg) Slope Factor Slope Factor Factor Index Rlsk Factor 
Benzo(a)pyrene 0 48 n/a 7 3E+00 3 SEW 7 8E-01 78 2 
Benzo(b)fluoranthene 0 65 n/a 7 3E-01 4.3501 11E-01 10 6 
Benzo(a)anthracene 0 43 n/a 7 3E-01 3 1E-01 7 OE-02 7 0  
Indeno( 1 2 3 -cd)pyrene 0 18 n/a 7 3E-01 13E-01 2 9E-02 2 9  
Chrysene 0 51 n/a 7 3E-02 3 7E-02 8 3E-03 0 8  
Benzo@)fluoranthene 0 23 nla 7 3E-02 17E-02 3 7E-03 0 4  
Bn(2ethylhexyl)phthalate 0 19 n/a 14E-02 2 7E-03 5 9E-04 0 1  
Methylene chlonde 0 007 16E-03 7 5E.03 5 3E-05 12E-05 0 0  
Total fisk Factor 4 5 E W  

Slope factors are In uruts of nsk/(mg/kg-day) 
n/a = not aviulable a 
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TA%LE 6.3-23 

STREAM SEDIMENT 
- CONCENTRATION/TOM~ SCREEN 

~UDIONUCLIDES 

1 



TABLE 6 4-1 
SUMMARY OF CURRENT AND FUTURE LAND USES 

Current Future 

Land Use Category Offrite Onrite Offrite Onrite 

Residential Yes No 

Commercial/Industnal Yes Yes 

RecreationaVOpen Space Yes No 

Ecological Reserve No No 

Amcultural Yes No 

Credible' Improbableb 

Credible Credible' 

Crechble Credibled 

Improbble Credibled 

Credible Improbable 

Credible is used to indicate scenanos that could reasonably occur 
Improbable IS used to indicate scenanos that are unlikely to occur 
Expected in the currently developed area of the plant site 

* Expected in the buffer zone 

(4047 910 0025 521Xc7164 1x08 04 95 01 55 pm) 

I 
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TABLE 6 5-1 
MAXIMUM AND RME CONCENTRATIONS 

FOR CHEMICALS OF CONCERN 
SURFACE SOIL 

Maxlmum RME 
Concentrauon Concentrauon 

Analyte ( m a g  or pCdg) (mgflrg or pCdg) 

AOCNo 1 
Anbmony 
VaMdlUm 
Zinc 
Amenaum-24 1 
Plutomum-23 9/240 

24 15 
40 1 
60 2 
1 147 
1 849 

AOC No 2,30-acre mmmum exposure area 
Anbmony 38 9 
Silver 52 7 
VaMdlUm 75 9 
Zinc 650 
Amencium-24 1 3 243 
PlUtONUItl-239/240 1s 22 

16 50 n 
33 39 n 
48 33 n 
0 151 n 
o 284 n 

14 09 In 
264 In 

34 31 In 
85 66' In 
127 In 
3 10 In 

AOCNo 2 
Anamony 43 6 16 49 In 
Silver 52 7 2 31 In 
VaMdlUm 75 9 36 13 In 
Zinc 650 80 46 In 
Amenaum-24 1 3 243 1 24 In 
PlUtONWtl-239/24~ 1s 22 2 78 In 

Note AnalyUcal results used in the calculabon of the RME concentmuons are shown 
in Attachment J1 

RME Reasonablemmumexposure 
n - Based on n o d d m n b u a o n  
In -Based on lognormal Qstnbutron 

Sbeeclofl 



AOC Ne. 1 la 
B 866 Banurn 

Amnclum-241 0 025 
Plut0~111~1-239n40 0 072 

3 os 
Urau~wn-238 

In 
tn 

Uram-233/234 141 la 



TABLE 6 5-3 
MAXIMUM COYCENTRATIONS 
FOR CHEMICALS OF CONCERN 

GROUNDWATER 

Maximum 
Concentrauon (I ) 

AOC No 2,30-acre maximum exposure area 
Chloroform 1 
Methvlene chlonde 14 ~ 

Tetrachoroethene 3 
Tnchloroethene 6 

(1) For simplicity and as a conservauve approach maximum concentrations of COCs in groundwater 
were used to model soil gas to indoor air 

Sheet I of 1 
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TABLE 6 5-5 
MAXIMUM AND RME CONCENTRATIONS 

FOR CHEMICALS OF CONCERN 
POND SURFACE WATER 

I 

Maxlmum RME 

Analyte (W) (Pfm 
Concentrahon Concentrahon 

AOC No. 3 
Di-n-buty lphthalate 2 2 0 0  m 
AOCNo 4 
1 2-Dichloroethene 3 2 53 n,d 
Chloroform 2 200 m 
Di-n-butylphthalate 1 100 m 
Tnchloroethene 6 2 96 n d  

Note Analflcal results used in the calculauon of RME concentmuons are shown 
in Attachment J1 

RME - Reasonable maxlmum exposure 
n - Based on normal chstnbuuon 
m - -mum detected concentrahon 
d - See &scussion in Attachment Jl 
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0 19 m 
m 

IS* n 
0 26 
040 
0 11 :\2- m 

n 
n 

31 24 n 
180 sa n 
0 311 n 

- 2519 sd 

>x : 
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TABLE 6 5112 
I N D O O R A I R k U M C E ~ ~ ~  O F V E s  

FROM’SOIL GAS TRANSPORT 

! 





. 1 

IRadJ = IRCXEDCX  F a  
BWc 

I 

- 
~ 

- ma = Adult 
ELh = AdultwrporuaD 

BWa = Adultbadywught 



h h h C  

C C C C  

h l " h  
O O O Q  

5 9 9 8  

h m 

Y E S  



P 



TABLE 6 6-4 
DERMAL ABSORPTION FRACTIONS AND 
DERMAL PERMEABILITY CONSTANTS FOR 

COCs IN SOIL AND SURFACE WATER 

Dermal Permeability 
Soil Absorbed constant 

Chemcal Fractlon (Cm/hr) Source 
1 2-Dichloroethene - 0 01 1 
Aroclor 1254 006 - 2 
Ba(2ethylhexyl)phthalate 0 01 3 
Chloroform 0 13 4 
Di-n-butylphthalate 0 07 5 
Tnchloroethene 0 23 4 
Vinyl Chlonde - 0 0073 6 

Source 
1 EPA 1992c Table 5-8 Estmated Kp value for trans-1 2d1chloroethene 
2 EPA 1992c Expenmentally measured Table 6-3 
3 EPA 1992f New Intenm Region IV Guclance recommendmg 1 percent absorption 

for all orgamcs 
4 €PA 1992c Table 5 8 Measured I(p 

pressure sirmlar to benzene 
5 EPA 1992c Calculated using Equauon 5 8 
6 EPA 1992c Table 5-8 Emmated & 

Chermcal not evaluated in th~s  me&m 
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TABLE 6 7-1 
FACTORS FOR 

OFCONCXRV 
O R R M C ~ M P O ~ A N D M E T A L S  

EPA caaoer 
SloptFectors waght d Rdke 

Qpl 
4 OE-04 (1) 

a- (1) 
1 o m 2  (1) 
6=-w4) 
9 oEu)3 (5) 
LOE41(1) 

14E41(1) 
5 8P83fl) 
6 OE42 (1) 
1 6EW (i) 
5 OE-03 (1) 
6BE-01(1) 
1 oE-02 (1) 

- 

- 
7 OE-03 (5) 

3 OE-Ol(1) 
0 

-- d= _c -~ 
ar 

-\ 

sourccr 

2 = E A S T  (EPA 1994a) Tobtc7c----- ~ -\- xb 

1 = IRIS (EPA 1995a) *I G. 

e- "t, -3 3 = EPA 1993 /-- ---\ a \f 

center "-tyC-of 
(LukckrForceBase Armma)" ECAO 

Notes 

U R = SE45/p@L hhalat~on U R = 4 3E-03/&m3 
Oral SF = 5E-05 x lOOOpg/mg x 7OkgDL lnlnbon SF = 4 3 ~ 3 / & ~ n ~ x l ~ ~ k g / 2 0 m ~  

EPA Cmccr WcyM dEvideea 
A =  Human- 
B1= Probable human carcmgcn (hmted humaa data) 
B2 = Pmbabk huntan camnogen (d data only) 
C= Pass~blebumancarcmopn 
D = Noncarcmagtrux: (m&quate evrdtnce) 
-'e= Not classlfiablt or not carcmogemc 
I - ~ - 9 l ~ S Z l ) i R 7 W l  lXLJ)(uI49S6 13?W S b S a I o f I  

- 
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Plutonrum-239 1 WE43 9 56E-07 W 1 16E-04 3 78E-02 
1 OOE44 9 % E a  Y 8 33E-05 
1 WE45 140E-08 

Urar~~m-234'4' 5OOE-02 7 66E-08 807E42 
2 -43 706E-09 

1 

U ~ U - 2 3 8  500E-02 688E-08 646E-02 
2ooE-03 
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TABLE 6 8-1 
SUMMARY OF ESTIMATED HEALTH RISK 

AOCNO 1 

Central Tendency R d l e  Maxunum 
Pathwav Hazard lndex CMWRIS~ Hazardlndex Cancer Rsk 

Current Worker 
Ingestion of surface soil 

lnhalation of particulates from surface soil 
Dermal contact with surface soil* 

178E-03 110E09 113EO2 4 35E 08 
6 59E 10 5 22E-09 

External irradiation 2 51E 10 2 84E-09 
Total 178E-03 2 01E-09 113E-02 5 16E-08 

Future Office Worker 
Ingestion of surface soil 
lnhalation of particulates from surface soil 

Dermal contact with surface soil 

8918-04 549E IO 1 f3E-02 4 35E-08 
5 O O E l O  5 228-09 

External Yradiatlon 2 51E IO 2 93E-09 
Total 8918-04 1 30E-09 113E02 5 17E-08 

Future Ecologid Worker 
Ingestion of surface soil 
lnhalation of particulates 6om surface soil 
Dermal contact with surface soil 

1 74E-03 6 7 2 E  IO 6 21E-03 2 40E-09 
1 ZtE 10 229E 10 

External uradratron 8 3 6 8  11 105E 10 
Total i 74E 03 %78E 10 6 21E-03 2 73E-09 

Future Open Space Recrentiod Cse 

Ingestion of surface soil bv a chid 1 O5E-02 2 1 I E 0 3  
Ingestion of surface soil bv an adult 
Carcinogenic effects of ingestion of surface soil 

Inhalation of particulates fiom surface sori 

2 26E-84 113E-03 
3 83E IO 6 27E 09 
141E 1 1  661E 10 

Dermal contact with surface soil* 

External irradiation 151E 1 1  293E 10 
Total 2 34E-03 4 IZE 10 117E02 7 22E-09 

Future Construction Werker 
Ingestion of subsurface soil 9 27E-05 3 64E 10 5 21E-04 2 04E 09 

424E 11 Inhalation of particuhrtes fiom surface and subsurface soil 9 37E-08 3 41E 1 1  1 17E-07 
Dermal contact wth subsurface soil* 

External irradiation 1 55E 09 1 94E 09 
Total 9 28E-05 1 95E 09 5 21E-04 4 03E-09 

Dermal absorption of metals and rdonuclides is considered insignificant 

Exposure pathwav is not relevant for COCs (e g COCs do not have carcinogenic effects) 
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E x I c m d ~  124E-10 
Total 2 383-03 3 66e-09 119E-02 a&m 

. 8 O2E-10 1 OoE-09 
T a l  -\\‘ --”i. 11sE04 2 6- 6 43E-04 I t66.00 
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TABLE 6 8-3 
SUMMARY OF ESTIMATED HEALTH RISK 

AOCNO 3 

Central Tendenw Reasonable Maxunum 
Pathway HazardIndex CancerRsk HazardIndex Cancer b s k  

Future Ecolodcal Worker 
2 13E-08 lngestion of  pond sedunent 7 32E 05 1796-09 8 71E-04 

lngestion of  st rmdrv  sedunent 5 <7E 06 2 78E 10 6 63E 05 3 30E-09 
Inhalatron o f  part~culates fiom stream dry sedunent 5 27E 13 903E 13 

2 396-08 Dermal contact with pond sedunent 4 55E 04 2 51E-09 4 33E-03 
Dermal contact wth s t r e d d r v  sedunent+ 
lngestion of  surface water 5 60E-08 3 18E 12 4 80E-07 273E 1 1  
Dermal contact wth surface water 3 558-06 6 08E 06 
External uradiation &om streddry sedunent Ih7E I1 362E 1 1  
Total 5 37E 04 4 59E-09 5 28E-03 4 8SE-08 

Future Open Space Recreational Use 
lngestion of  pond sedunent by a chid 
Ingestion of pond sedunent bv an adult 
Caranogenic effects of  mgestion of  pond sedunent 
Ingestion of stremdn sedunent bv a child 29EX3 
lngestion of  s t r m d r y  sedunent bv an adult 2 77E-05 139E-04 
Carcinogemc effects of mgcstion of streamidrv sediment ~ 108E-08 171E 07 
Inhalation o f  particulates h m  strem;dn. sedunent 169E-12 790E 11 
Dermalcontactwthpondsedunent 7 81E-OS 155E-09 5 17E-03 3 42E-07 
Dermal contact wlth stream'drv sedunent' 
Ingestion of surface water 5 01E-08 1 O2E 1 1  6 0lE-07 409E 10 
Dermal contact with surface water 6 23E 07 7 628-06 
External uradiation from Nuun" sedunent 3 16E 1 1  6 14E 10 

126E-06 Total 4 1 3 W  5 868-08 

3 40E-03 
3 66E-04 

70E 02 
82E 03 

4 62E 08 7 47E 07 
2 59E 09 

2 54E-02 

* PAHs metals and radionuclides are the only COCs m stremdrv sediment Dermal absorption of  metals and radionuclides is 

considered mignlficant EPA has sdatedfhat it is mapPr0pn"ate to- dermal absorption of  PAHs usmg the oral slope faaor 
(EPA 1989a) 

Exposure palhwav is not relevant for COCs (e g . COCs do not have carcinogenic effects) 

a 
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TABLE 6.8-4 
SSTIMATEDEk,"E.R€3K 
AWN0 4 

6 06E-02 
6 49E-03 

1 1 i E o 3  
119E-04 

- 

37aE-02 

1 uE-05 
161E.04 

3 32E-06 

- 
2 62E& 
6 f8Ell 
2 50E-06 

2 29m 
112E-08 



TABLE 6 9-1 
SUMMARY OF ANNUAL RADIATION DOSE 

AOCNO 1 

Annual W a t l o n  Dose 
Central Tendencv Reasonable Maximum 

Pathway (mredyear) (mrelTlryear) 

Current Worker 
Ingestion of surface soil 1 llE-03 7 05E-03 
Inhalauon of particulates from surface soil 1 86E-03 2 36E-03 
External irradtatlon from surface soil 3 NE43 7 12E-03 
Total 6 87E-03 165E-02 

Future Office Worker 
Ingemon of surface soil 
Inhalatlon of paruculates from surface soil 

5 56E-03 7 O5E-03 
141E-03 2 36E-03 

External irradtatlon from surface soil 3 90E-03 7 12E-03 
Total 5 87E-03 165E-02 

Future Ecolog~cal Worker 
Ingestion of surface soil 
Inhalauon of particulates from surface soil 

1.09E-03 3 89E-03 
5 51E-04 103E-03 

External irradtatlon from surface soil i 85E-03 2 32E 03 
Total 3 49E-03 7 24E-03 

Future Open Space Recreationat Use 
Ingemon of surface soil 
Inhalauon of particulates frm surface soil 

1 72E-04 8 47E-04 
1 77E-05 2 48E-04 

External irradtauon from surface soil 4 75E-05 2 85E-04 
Total 2 37E-04 138E-03 

Future Construcmn Worker 
Ingestion of subsurface soil 2 72E-03 153E-03 
Inhalation of particulates from surface and subsurface soil 4 78E-04 
Excernal irradtanon from subsurface soil 3 76E-04 4 70E-04 
Total Annual Radration Exposure (mredvr) 1 03E 03 2 47E-03 

3 84E-04 
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Pathway 

Future office Worker, 30-acre .~ci 

Ingemon of surface sot1 4 598%02 
Inhalabon of pt~culates from surface soil 1 2 S m 2  - 
Total 146E-01 

481E-02 2 

Current Worker 
Ingestlon of syrface soil 9 18E-0;) 

1 94uM 246E-04 

Future Ecologkrl Worker 
Ingwon of surface soil 3 21E-02 

1 08E-04 e- 
- 

6 99E-03 

.. 

Future c 
Ingestton 3 53E-04 198W3 



TABLE 6 9-3 
SUMMARY OF ANNUAL RADIATION DOSE 

AOCNO 3 

n 
Pathway (mremlyear) (mremlyear) 

Central Tendency Reasonable -mum 

Future EcoIog~cJ Worker 
Ingemon of pond Wment 1 78E-03 2 12E-02 
Ingemon of s t r d d r y  d m e n t  6 36E45 7 58E-04 
Inhalauon of pamculates from stream/dry sxhment 8 4x47 145E-06 
Inge&on of surface water 3 72E-06 3 19E-05 
External i d a u o n  from s t r d d r y  d m e n t  4.42E-04 9 48E-04 
Total 2 29E-03 2.29E-02 

Future Open Space Recreational Use 
Ingestton of pond Wment € Q8E-02 5 29E-02 
Ingesuon of s t r d d ~ ~  sedlment 3 85E-04 1 89E-03 
Inhalauon of particulates from s t r d d r y  sdment 7 52B-07 106E-05 
Ingeaon of surface water 3 32E-05 3 99E-05 
External i d a u o n  from sueam/dry d m e n t  f95E-Q4 7 90E-04 
Total 113E-02 5 57E-02 
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TABLE 6 10-1 
SUMMARY OF HEALTH RISKS FOR 

SPECIALCASE CHEMICALS OF CONCERN AND 
CHEMICALS OF INTEREST (COIs) 

Raldcntbl IngaUon of vbryr CWorldc hr Gmmulnter 
AOC No. 2 

Vmyl Chlonde 433E-04 103E-02 

RclMclaLl tagdon of Mccrlr in Cromdmtcr 
AOC No. 2 

Antunony 1 S9M1 113E+oO 
2 26E-01 A R a u C  3 18Eo2 2 09M6 

M- 1 lOE+OO 7 93E+00 

4 9SE-0S 
BayuIum 7 69E-04 2 13E-06 5 48F.43 5 osE-05 

Total 131E+OO 4 2im 9 3OE+OO 1 ooE-04 

v 
& M Y  3.08EoI 2 19E+00 

183E-01 A n a u C  2 S6E-02 1 611E-06 
Beryllium 231M3 6 38- 164E-02 151E-04 

5 86E-01 Mllng.nae 8 23m2 

3 99E-0s 

Total 418E-01 8 06E-06 2 9%E+00 191E-04 

Ingation of Anemic In V L W I m a a t  (Oprn Space Recrailood Uler) 
AOCNo 3 

Anenrc (-Id) 1.9292M3 4 94E-03 
Aneruc (Adult) 3 39E-0S 5 29E-04 
( 6 OSE-09 3 08E-07 

T0t.l 19sE-03 6 05E-09 S 47E-03 3 08E-07 

AOC Yo. 4 
Anrmc (Cluld) 
Anauc (Adult) 

109E-03 
2 ssE-0s 

3 7lE-03 
3 98E-04 

Aneruc (CUMogrmc) 4 ssE-09 2 32E-07 
112E-03 4 ssE-09 4 11E-03 2 32E-07 

B=kc-nd 
Anrmc (Chld) 110E-03 3 73E-03 
ARmrc (Adult) 2 %E95 4 OoE-04 
Arscnlc (cucmogcnlc) 4 S6E-09 2 33E-07 

Total 113E-03 4 S6E-09 4 13E-03 2 33E-07 
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7 0  
SUMMARY OF ECOLOGICAL RISK ASSESSMENT FOR 

THE WOMAN CREEK WATERSHED AT RFETS 

The ecological nsk assessment (ERA) for the Walnut Creek watershed is summanzed in this 
secfion ERAs for the Walnut Creek and Woman Creek watersheds were combined and 
results presented in a single report (Appendix F) The E M S  represent the ecological pomons 
of the baseline nsk assessments associated wth the RCRA Facility InvestigationlRemedial 
Investigations (RFI/RIs) for OUs 1, 2, 4 (in part), 5, 6, 7 ,  10 (in part) and 11 ERAs were 
formerly planned for each OU, and preliminary ecological field investigahons were conducted 
on that basis 

The combined ERA was conducted based on recent agreements among the US 
Environmental Protection Agency (EPA) Colorado Department of Public Health and 
Environment (CDPHE), and U S Department of Energy (DOE) The agencies agreed that 
it is ecologically more appropriate to conduct the E R A s  €or each watershed this scale is more 
relevant to ecological receptors because they are not constramed by the administrative 
boundaries associated wth the OUs ERAS are now required for four areas (1) the industnal 
aredprotected area (IAPA) (2) the Walnut Creek watershed, (3) the Woman Creek 
w a t e r s h e w  (4) offsite areas, melwhng Great Western Reservoir, Standley Lake, and 
Mower Reservoir The ERA accompanying this report addresses ecological risks from 
contaminant sources in the Walnut Creek and Woman Creek watersheds wth the RFETS 
boundaries but outside of the IAPA 

An ERA is required to support the Comprehensive Environmental Response, Compensabon 
and Liability Act (CERCLA) Record of  Decision or the Resource Conservation and Recovery 
Act (RCRA) Corrective Action Decision for any of the OUs wthin these areas Sections 
wthin CERCLA include statements that both human health and the environment must be 
considered when assessing risks associated wth releases from hazardous waste sites Also, 
the National Contingency Plan (NCP) specifically states that an environmental evaluation 
must be performed to assess threats to the environment (40 CFR Part 300 430 [e][2][i][G]) 
during the overall process o f  assessing the need to remediate a hazardous waste site The 
Interagency Agreement (IAG) negotiated among DOE EPA, and CDPHE states that one 
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I objectwe of the RFIM IS to prowde data to establish the baseline nsk assessment for human 
health and the environment for th OU The methodology used here evaluates the likelihood 
that adverse eculogrcal effects are occumng or may occur as a result of exposure to one or 
more chemical stressors (EPA 19b2a) 

t 

ISK ASSESSMENT 
METHODOLOGY 

ed to Support 
nsrstent wth a 

&gd sffects have not been 

observed but co rad cam be compared wth 

concentratmu considered protectme ~RPETSERAMdnrwsfmm 
atlosal Laboratory (ORNL) 

and the-Savannah Rwer We- ,= 1994, Nerton et td 1992, 
Opresko et al 1994) 

The ERAM is documental in &req -- 

-- 

of Concern (ECOCs) Screerung Metkodology 

TMl iscu !I prowde srtmhde gutdancc on developing a s s d e n t  

endpoints- be proteed and the ~ W M  of  the assessments 
Specific’wessment endpomts and sb~cebves for the Walnut Creek rrnd Woman Creek ERA 

bes ecdqpcal components of the stte that are putonttdy afFected 
by contaminabon and presents baseline saumptms and parameter values used m exposure 
esbmates and nsk charactsnzation ’ The foflowmg iaformmon was rncluded in TM2 

e Descriptions of the key ecolog~cai features of WEIS, includtng vegetaaon, 
wldlife, aquabc organisms, and protected sp~cres 



0 Summaries of existing sitewde monitoring programs 

e Exposure pathway models which describe the contaminant transport and 

exposure mechanisms important in evaluating exposure of ecological receptors 
to the chemical stressors at WETS 

e Selection critena for the identification of key ecological receptors 

e General exposure parameters for key receptor species 

TM3 (DOE 1995b) describes a phased approach to idenbfy E C O C s t h e  environmental 
contaminants that are the focus of  risk charactenzatmn Tier 1 consisted o f  identifying 
chemicals detected wthin each source area that were above background concentrabons This 
was done using a statisncal methodology developed specifically for WETS The result of 
Tier 1 was a list of  PCOCs that was further screened in Tier 2 and Tier 3 using ecotoxicity 
criteria Tier 2 and Tier 3 screens each required estimates of exposure for the key ecological 
receptors at WETS Methods used in Tiers 1, 2 and 3 are explained in detsul in Appendix 
F (Section F3) The watershed ERAs focus on identification and charactenzation of  ECOCs 
because chemical stressors are usually of greatest concern for ERAs conducted as part of 
CERCLA investigations @PA 1994) 

- 

7 2 PRELIMINARY EXPOSURE AND RISK SCREEN 

An initial step in conducting the watershed ERAs was to evaluate contaminant distribution 
and identify ECOCs This evaluation required screening-level exposure and risk estimations 
using data collected during RFI/RI activities and sitewde environmental monitonng programs 
The screen corresponds to the preliminary exposure and risk calculation step o f  the EPA 
procedure for conducting ERAs at Superfund sites (EPA 1994) 
The purpose of  the sitewde ERA is to provide information that is useful for both evaluating 
ecological risk on a watershed basis and making decisions regarding remedial acfions 
associated wth the individual OUs and IHSSs wthin them Therefore, ecological nsks were 
estimated for distinct subareas of each watershed called ERA source areas which were 
identified by grouping IHSSs based on OU location and contaminant sources (Figure 7 2-1) 
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Source area boundanes were daefmned based on abionc MS b h c  sampling locatms RISES 
were quanbfied for each source +ma scpara&y d their contnbmon to overall nsk in the 
watershed was determined 

1 , 

res to determine if the J 

chemical concen 

Observed- Adverse-Effects 
The approach to den 
watershed ERAS is p 

Assistance in developing TRVs was solt 

using methods developed at Oak 
Toxicologsts from Clemson Unr 
Argonne NatronaI Laboratory co 
PCOCs and developed preliminary 

er SI- in the DQE-mmpiex and 

associated academic l=&@mrks _yvws derived 

m 0r-n State Unaversity and 

istory tnfonnat~on on representatwe 

F 

fisk was emmated by c c t r n p m t $ ~  fposurcs to TRVs usawJbe h a q d  qw~~arae@IQ) 
approach (EPA 1994) ratto of the ate exposwe vmw t ~ 6  IXV (exposure 
- TRV) The hazard index e sum of rndtwdrral HQs for indrvrdud chemicals urd 
was used to approximate c 
based a Cldculttbng effects on individual organisms Thur appro& taken because the 
most reh@Iexnethods for csftrnabna exposure and effsctsare mdivldyal-based Extrapolabon 
to popula&mpr&qnofnnrunrtles was qualitative and based on area of affected habitat, quality 
of resources, and'Weci&kpecifc bdrcrvlers 

* 
sk m an area (ROE 199%) TRVs and exposures were f *- 

-%< ' e* 

w 

ECOC screens were conducted for three wde-rmgmg species (coyote, mule deer, and red- 
tarled hawk) and four receptors wth lrnore m c t e d  home ranges ( I i m a t s ~  spo~iss). Risk for 

wde-ranging species was neglipblb no HQs or HIS were gesrter than 1 ECOCs were 

identified for hmmng species and ~ u m c  receptors that may spend all or most of their bme 

T 

'- 
- .. .-. (4047 910-0025 Wl)(R7 7)(9fZuM 9 09 M) 
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in small areas and therefore, are in more frequent contact wth contaminants ECOCs were 
identified by source area and receptor type and included metals, radionuclides and organic 
compounds (Table 7 2-1) Cumulative risks were identified based on HIS (Figure 7 2-2) 

7 3 PROBLEM FORMULATION AND RISK CHARACTERIZATION 

The preliminary risk screen idenhfied ECOCs based on chemical concentrations in abiohc and 
biotic media and conservative assumptions concerning exposwe and toxicity The remamder 
of the ERA focuses on further charactenzatton o f  ecological nsk from exposure to the 
ECOCs Specific objectives and approach for risk charactenzation are described In problem 
formulation (EPA 1994) 

7 3 1 Problem Formulahon 

The risk characterization has two m a n  goals (1) refine nsk estimates through use of less 
conservative and more realistic assumpttons and charactenze remcuning uncertainty and (2) 
identify areas, chemicals and media contributtng most to risk Where feasible, guidance for 
developing cleanup criteria protective of assessment endpoints was also provided Where 
appropriate exposures and risk were summarized by watershed OU, and IHSS to a d  in nsk 
management and remedratm decrsions 

Conservative assumptions were used m the Tier 3 screen to improve efficiency o f  the screen 
or to account for uncertainty in exposure or toxicity estimates Conservative assumphons 
were selected to minirnrze the probability of  underestimating nsk so that uncertainty would 
be biased in  only one direction @PA 1994) Refinement of  risk estimates involved use of  
less conservative assumptions and/or site data on direct measurement o f  toxic effects to 
reduce uncertinty In most cases a combination of data types was used in a weight-of- 
evidence approach to r a k  characterization 

The risk characterization for each of the ECOCs included the followng activities (1) refine 
exposure estimates to more accurately reflect site conditions including bioavailability 
contaminant distribution and frequency and duration of exposures (2) refine toxicity 
estimates based on more specific evaluation of contaminant forms and potential toxicity (3) 

review site data to determine if predicted effects were manifested (4) i f  appropriate 
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I 
. 

extrapolate effects on mn&vrddd to estmate effbcts to Iu;ETSgopulatmm or communitus, 
and (5) idenhfl,-charaetmze, and rank sources of uncertrunty and idGnbfy data needed to 

further refine mmates 

l 

I 

The nsk charactenzaaon foc 
receptor groups 

on potenhal tome COCs to five ecological "4 

1 Aquatlc life 
2 Aquatrc-feedmg &ds 
3 Terrestnal-fWhg kaptors 
4 Small mammals 

the ECW screen presented in 

was rdentlfied or 
These receptor groups were sel 
Appendix F (Section F3), L 
because avdable data were in 

Assessment endpoints and s p a f i e  the nsk charmenaim were ident&ed for 

each resource cate F4-1) Assessment endpoints are crrpliclt 
expressions of the e putaged (Seer 1989, EPA 1992a) The 
purpose of assessm of ths wmtcdmd ms was to focus the nsk 
charactemahon o OCs and the specrfic ef€- drat may result 
The potentd for e 

wss ntgtigrble 

chronic sublethal or rcrproductwe tffscb h t w e r u  not 
mestsuremerits of effects were 

For each receptor assessment endpoints, exposure padrways, and specific goals and 
objectrves are Idenafied and dsanted ia Appendix I (Seetion F4) Where appropnaten a 
working null hypothesis (q) was defined k, helpwde analysis md waluaon of unmtarnty 

I 
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7 3 2 Risk Characterization 

The risk charactenzation was completed using qualitative and quanotative approaches 
described in the problem formulation step In some cases the evaluation focused on 
assessing the adequacy of  data used in exposure calculations In other cases more accurate 
or quanbtative methods were used to estimate frequency or duration of  exposures 

Specific measurements of  metals radionuclides and PCBs in hota were avalable for 

evaluating exposures and food-web transfers These data were reliable mdxators of exposure 
(Suter 1993) and also used to evaluate potenoal impacts to upper level consumers from 
ECOCs accumulated In forage or prey However, €or other ECOCs the risk charactenzabon 
was largely conducted wthout the benefit of sampling and analysis specifically designed to 
evaluate effects of  ECOCs Results of risk charrtctenzanon are presented in detail in sections 
summarized in the followng subsections Risks are also summarized by receptor group, 
ECOC and ERA source areas in Table 7 3-1 

7 3 2 1  Summarv of Risks to Aauatic hfe 

The preliminary risk screen was based on compmsons o f  chemical concentraoons in 

sediments and surface water to TRVs derived from the literature or calculated using methods 
recommended by EPA (EPA 1992a) The screen identified several ECOCs in sediments but 
none for surface water Sediment ECOCs included volatile and semivolatde organics PCBs 
and metals 

The magnitude of sediment HQ and M values for some sites in Walnut Creek suggested a 
high level of  toxicity to benthic organisms especially in the A- and B-series ponds furthest 
upstream and closest to the IA of WETS HQs exceeded 100 for some chemicals at these 
sites (Appendix F, Figure F5-5) PAHs were the man contributors to risk estimates at most 
sites in Walnut Creek, accounting for 90 percent or more of the HI in ponds A-1 and B-1 
Risk estimates were much lower in the Woman Creek watershed where HIS were below 3, 

no HQ exceeded 2 6 

The risk levels predicted by the HQ and HI calculations were verified using results of  
sediment toxicity tests and site data on benthic community structure If estimates of potential 

I 
I 
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toxicity (1 e ,  TRVs) and exposures were relat~vely accurate, tkse the extremely wde range 
of HI and HQ values should co ‘esgond to varying ttvels of tomcity to test organisms and 
impacts on benthic cammunihes Physical stress such as fluawmng water levels and the 

presence of organisms in upper tsophtc levels (e g , fish) represemt confbrrndrng hctors in thra 

I 
I 

Ilmg benthic corn-  

(1 e ,  HIS or HQs) and level of i 

Comlatmns were 
s of Sltes Wlth 

if 1968) were used to Cstrlna& If drc 
explaursd by dafkeilcus UI HIS 

Results inQcate that p r d c t d  

composition, but other fpctors 

analysls based on density, mhn 

of the mmat~on in commq$y 

were lrot s d b  to diese 
wmrc#, differends in HIS dtd 

tomcity tests do not show m b  te~~ctty, e4Fsts of 
aniEssted in the benthic commiinity structure of the 

such as size, flllstusang water imla, & 66 
are JOQ importwt Potepmd tox~city of sedtment 

larli P i ,  may be important factors in limrtmg aquat~c communrties 
d$ed through a change in mmagement sf the ponds 

It should be noted that the ponds wese constructed to mini~nize offate transport of 
contaminants especially radionuctik, in sediments an8 surfatce water The presence of 
PAHs and metals in sediments are in part, a result of runoff from industrial areas and tnput 

> 

h 

from the wastewater treatarcnt-plant ’Iha fact drat sedrment caatamlnant cgll)cantrattons 

I)” 



decrease dramatically wth distance downstream indicates that the ponds are effective in 

attenuating offsite transport of sediment-bound contaminants 

7 3 2 2  Summarv of  Risks to Aauatic-Feedinn Birds 

Sediment contamination may also affect wldlife that feed m contaminated areas 
identified for aquatic-feeding wldlife included PCBs (Aroclor- 1254) DBP, and mercury 
Great blue herons and mallards were identified as representatwe receptors because birds are 
more sensitive to many contaminants than mammals 

ECOCs 

Aroclor-1254 was detected in sediments of the A- and B-series ponds wth the highest 
concentrations in ponds B-1 and B-2 Awlable data on PCB content of  aquatrc biota 
indicated negligible levels for birds feeding on fisk, amphibians or invertebrates from the 
ponds However biological trssue data were not avarlable to evaluate the potential risk from 
all the ponds for which PCBs were detected in sediments Therefore, site-specific data on 
uptake of  PCBs by aquatic species were used to estimate the maximum concentration in 

sediments that would ulhmately result in exposures of  herons and mallards that are equal to 
or less than the TRV Estimates were based on the organic carbon content of  sediments and 
calculated for a range of levels of site use by the birds 

R n k  estimates also accounted for the effects of food chain length on biomagnification 
Accumulation of  PCBs in upper levet consumers is propomonal to the length of the food 
chain through which PCBs are transferred from sediments to top consumers (Rassmussen et 

al 1990) Calculations were made for two hypothetical food chains (1) one in which a 
species such as fathead minnows that feed pnmarily on zooplankton and algae is the primary 
prey of aquatic-feeding birds and (2) one in which the main food source is a piscivorous 
species such 8s largemouth bass 

/ 

Results indicate that risks to herons or mallards are negligible i f  they feed on fish or 
invertebrates from lower trophic levels However, herons may experience toxic exposures if 
they feed on upper level consumers from ponds B-1 B-2 or B-3 more than about 40 percent 
of the time The communities in these ponds currently lack the upper trophic levels but 
possible future introduction of  predaceous fish or other upper level consumers could result 
in increased exposure to aquatic birds The sediment criteria calculated for evaluating risk 
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1 
can also be used by nsk mllllbs(ers in making docistons concerning management of pond 
sediments 

I 

Chromium, lead, mercuv, and vanadium were d e t d  

at ameun€maons 
e s d s  &e  el 

ranges and awe 

t 
-P 

known to breed rt RFETS 
$f- = #  

% 

T€te preliminary nsk estimate fba chromiu artbropoclo frarrrr OU2 was w on 
the maxamum detected mcen Trenches swrce area Chromium 

_ ! a s t i m e t e r d W o R d a t a  

from the East Trenches Thus, tccurately at~maitt cxppsures 
However, review of the OU2 data concentamon was anorndoudy 
high and its use overemmates n cen&atmn m OU2 4 s  was not 

hded 18 brrfcoco lsucmase of two 
The OzJ2 source areas represent a small 

habitat type at RFETS Thus, exposure to 

srgntiicant edogxal nsk to 
e ovemstmott of exposure, and 

chromium in OU2 

mea invalved 

that chromium, lead, mercury, &d van&- could alsu 
d the A- and E)-senw ponds 

wdr low frequency and 
at r e l a t w e l y h y ~ ~ ~ c e & b o n s  and probably do not represent an ecologicd nsk However, 
chromium and me~qiionccntratlons were conslstentfy devateti in small mammal samples 
collected from the pond margins The source of the elevated concetrtrations in small 
mammals IS not clear because neflther metal was conmmdy elevated in soils or dry 
sediments They were both included in the PCOGs because of samples that exceeded the 
UTL,, for soils and sed~ments Few small mammals collected from sted fmtkor fnrm the 

ponds contcuned detectable quanbtte of either metal 

’pa .- 8 

-4’ 
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Probabilistic exposure estrmates indicate that kestrels feeding pnmarily on small mammals 
in the OU4/6 areas are likely to ingest chromium and lead at rates that exceed background 
intakes and TRVs These estimates must be considered conservative because they assume 
that kestrels feed only on small mammals and small mammal samples from the pond areas 
are probably over-represented in the data set Further sampling would be required to more 
accurately evaluate exposures and identify the source of chromium and lead in small 
mammals 

1 3 2 4  Summarv of Risks to Small Mammrlg 

Preliminary risk estimates indicated little nsk to small mammals from ingestion of 
contaminants in WETS source areas Banum and selenium were idennfied as ECOCs in the 
(OU6) North Spray Field and OU7 Downgradient source areas, respectively Both metals 
were detected at potentially ecotoxic concentrations in vegetanon f isk was evaluated for 
populations of  more common species and individuals of Preble s meadow jumping mouse, 
a species of special concern at WETS 

Exposure to barium in the North Spray Field appears to represent little risk to small mammal 
populations at WETS The North Spray Field includes about 064  percent of the mesic 
mixed grassland habitat type in the Walnut Creek watershed and does not appear to contun 
resources that are not common in other grassland areas of  the site Thus, a negligible 
proportion of populations of common grassland species are likely to be affected However 
this source area includes areas identified as potential habitat for the jumping mouse and 
exposure o f  individuals of  this species is of  concern 

The HQ for barium ingestion from the site was 1 05 The TRV for barium was based on 
concentrations that produced hypertension in laboratory rats (Perry et a2 1983 as cited in 

Opresko et al 1994) The concentranon on which the NOAEL was based was the maximum 
dose in the study aed did not affect growth or food or water consumption in experimental 
animals Therefore the level of risk associated with exceeding the TRV is unclear Thus 
the barium concentration in vegetation in this source area may produce some adverse effects 
in individual animals but the potential for long-term effects on growth or reproduction is 
unclear but appears to be minimal 
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The source of selenium in vegstakon from the OU7 downgradmnt area is not clear This area 

was not subject to spray evwAhon of water from the landfill pond (DOE 1995~) The 
vegetabon samples from the area may have included selenium accumulators (such as 
Asfrugalus sp ) that are common 'at WETS The area r m t s  an instgnificant proporbon 
of the total mesic grassland h d a t  at RFETS However, thy&yrce area is located wthin 
areas idmhfied as probable habib for the jumping IM) 

The TRV for selenium was based ion intakes calcul 
mg/kg/day) because it exceeded. the literature-b 
mgAcg/day) This s 

ambient concentrab t ~ t  semt-md areas of the Rocky 
Mountam west However, in mon than twice those emmated 
for background ares and may repwent 

The presmce of Prsbk's m a d o  U7 k&ent area has not 
been confirmed However, confi for areas s p p r o x l ~  

2 2 km to the east in n p a n  habi Tht ou7 Domgr8dicprt area docs 
not include the d drsss other ar- thudore, it is 

probably not cnhcal lciaweves, it JI ptssble that individuals 
dispersing from CUR 

Downgradient area 

gabons. It is possible & a t m n ~ f r a t m s  for most ECOC m d s  
in soils are wthm the range tolerated by plant species at RRZTS However, the potent~al 
phytotoxicity is not known because soil toxicity mts were not conducted dmng RmfRIs 

1 



TRVs were not avulable for most organic soil or sediment PCOCs HQs were well below 
1 for organic PCOCs for which TRVs were available However as wth metals the potenhal 
phytotoxicity of most organic PCOCs was not quantified wth plant toxicity tests 

7 3 2 6  Summarv of Risks from Radionuclides 

Transuranic radionuclides were identified as PCOCs for most OUs The ECOC screen 
indicated relatwely few areas wth radionuclide concentrations (activines) in soils that 
exceeded TRVs Plutonium-23 9/240 and amencium-24 1 concentrations in soils exceeded 
TRVs in two locations in the 903 Pad source areas, and uranlum-233/234 and uranium-238 
concentrations in soils of the Old Landfill exceeded TRVs at two locations Radionuclides 
were also elevated in vegetation and small mammals collected from ERA source areas 

The potential risks from radionuclide uptake by brota were evaluated by calculating the 
internal radiological dose and companng it to the TRV. The TRV was based on a benchmark 
value of 0 1 rad/day, which was identified by IAEA (1992) as protectwe of biological 
receptors Results indicated that maximum radionuclide concentrations measured in small 
mammal resulted in dose rates at least 1 000 tmes less than the TRV The potenhal uptake 
by predators was also evaluated and indicated that nsks to predators were also not significant 
Thus although abiotic media and biota contain elevated concentrations of  transuranic 
radionuclides risks of adverse effects appear to be negligible 

7 4 CONCLUSIONS 

Ecotoxic risks to terrestrial plants and animals at WETS are restricted to very localized areas 
and do not appear to be of sufficient magnitude to affect population community or systemic 
functions Physical factors especially disturbance due to construction or other plant activities 
appear to be far more important in determining community structure and habitat suitability 
around the industnalized areas of the site 

Elevated levels of  chromium and lead in small mammals may represent a risk to individual 
kestrels or other raptors that feed exclusively around the A- and B-ponds However 
exposures probably would not result in effects on the kestrel population at WETS The 
exposure estimate probably overestimates risk to individuals because (1) TRVs are based on 
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I I 
chronic sublethal affects, (2) 100 pcrrcent bioavml~ilitg was asmumi, and (3) site use was 
assumed to be 100 percent Purther charrctetrzatton o f  the contamrnant sources and 
exposures should be umducted ?fore decisions to remediate soils at sediments are based on 
this endpoint 

Wsks to aquaoc life and aquatic- 
in the B-ponds HQs and Ms 
evaluatmg nsk to aquat~c btooa 
the level of toxscity prsdtcted 
€3-3 could represent a nsk to 
more fully devejoped and 
largemouth bass However, under c w m  

not appear to represent an ecoto+ot~c 

I 

I 

to sedtment contaminants 

1 consumers such as 

i 

-" 
._ 
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Table 7 3 1 
Summary of Risk Estimates for ECOCs by Source Area 

Walnut Creek Watershed 

Exposure Points 
Source Areas Receptors at Risk Contributing the Most Risk ECOC HQ 

orth Walnut Creek Aquatic Specres Sedrments Anthracene 110 

nuth Walnut Creek 

U2 903 Pad 

U2 East Trenches 

U2 Mound Area 

U4 Downgradient 

U6A Ponds 

Wetland Vegetation Communities Sediments 

Aquatic Species 

American Kestrel 
Aquatic Species 
Great Blue Heron 
Small Mammals 
Small Mammals' 
Vegetation Communities 
American Kestrel 
Small Mammals 
American Kestrel 
Vegetation Communities 
American Kestrel 
Vegetation Communities 

American Kestrel 

Great Blue Heron 
Mallard 
Vegetation Communities 
Great Blue Heron 
Mallard 

Sediments 

Terrestrial Arthropods 
Surface Water 
Fish 
Sediments 
Surface Soils 
Subsurface Soil 
Terrestrial Arthropods 
Subsurface Soil 
Terrestrial Arthropods 
Subsurface Soil 
Small Mammals 
Subsurface Soil 

Small Mammals 

Fish 

Chrysene 
Benzo( b)fluoranthene 
Methylene chloride 
Benzoic acid 
Magnesium 
Barium 
Cobalt 
Vanadium 
Manganese 
Strontium 
Zinc 
Vanadium 
Strontium 
Naphthalene 
Anthracene 
Chrysene 
Benzo(b)fluoranthene 
Methylene chloride 
Zinc 
Benzo( k)fluoranthene 
Magnesium 
Benzoic acid 
Vanadium 
Barium 
Strontium 
Cobalt 
Chromium 
Barium 
Aroclor 1254 
Toluene 
Plutonium 2391240 
Zlnc 
Chromium 
Toluene 
Chromium 
Zinc 
Mercury 
NitratelNitrite 
zinc 
Lead 
Lead 
Chromium 
Di N butyl phthalate 

Benthic Macroinvertebrates 01 N butyl phthalate 
Subsurface Soil zinc 
Sediments PCBs 
Sediments PCBs 

32 
15 
9 5  
8 2  
1 6  
1 4  
1 4  
1 2  
1 2  
1 1  
1 3  
1 3  
1 1  

1100 
140 
38 
19 
17 
1 8  
1 5  
1 3  
1 3  
1 3  
1 3  
1 3  
1 0  

5 56 
39 

5 78 
1 900 
1 92 
1 2  

4 36 
20 0 
2 53 
1 4  

1 36 
4 8  
1 4  
1 3  
1 76 
1 33 
16 56 
200 
1 0  
NA 
NA 
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Aquatlc Specres 

Wetland Vegetation C 

Aq~cSptcrSs 

Wetland Vegetation Communrtres Sed~ments 
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Table 7 3 1 
Summary of Risk Estimates for ECOCs by Source Area 

Walnut Creek Watershed 

Exposure Points 
Source Areas Recepton at Risk Contributing the Most Risk ECOC HQ 

)U6 B Ponds American Kestrel Small Mammals Lead 125 

)and B 1 

'and 8-2 

'ond B 3 

Vanadium 

DI N butyl phthalate 
Great Blue Heron Fish Mercury 

Great Blue Heron Sediments PCBs 
Mallard Sediments PCBs 
Aquatic Species Sediments Naphthalene 

Fluorene 
Anttwacene 
HeptacMar 
Chrysene 
Silver 
Benzo( b)fluoranthene 
Aroclor 1254 
Zinc 
Methylene chloride 
Benzo(k)Ruoranthene 
Copper 
Acetone 
Magnesium 
Cobalt 
Vanadium 
Dibenzo( a h)anthracene 

Zinc 
Chromium 
Vanadium 
Silver 
Chrysene 
Aroclor 1254 
Magnesium 
Acetone 
Cobalt 
Manganese 
Vanadium 
Silver 
Chromium 
Zinc 
Vanadium 
Silver 
Aroclor 1260 
Chrysene 
Benzo(b)fluoranthene 
Antimony 
Aroclor 1254 
Copper 
Magnesium 
Cobalt 
Zinc 
Vanadium 

Wetland Vegetation Communities !Sediments Silver 

Aquatic Species Sediments 

Wetland Vegetation Communities Sediments 

Aquatrc Species Sediments 

2 86 
2 40 
8 27 
NA 
NA 

3 500 
1 400 
270 
230 
94 
90 
61 
8 9  
4 8  
4 3  
2 8  
2 6  
2 2  
2 0  
1 6  
1 4  
1 4  

08 0 
10 0 
6 6  
1 4  
52 
7 7  
4 3  
3 1  
3 1  
1 7  
1 2  
1 1  

51 0 
2 0  
1 7  
1 1  
64 
48 
32 
18 
8 9  
4 0  
1 9  
1 8  
1 7  
1 6  
1 4  
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Pond EL4 

OU6 Bunal Trenches 
OU6 Sal Dump Area 

OU7 IkWnQradrent- 

6 
3 
2 
1 
11 
6: 
8 
A! 
1i 
3 :  
2 :  
2 '  
% t  
1 1  
1 7  
1 5  
15 
3 5  
3 3  
18 
1(1 
2 5  
21 
16 
2 2  
2 0  
28  
106 
12 
1 0  
1s 

45 

1 70 

8anm 
sdentum 236 
-hum N- 1 6  

I anc 15  
I 

Radtonudlde benchmarks use small mammals as the lmrttng apems but PreMe s medw jumping 
substituted because It represents our smaH mammal receptor 

Two sgnlficant figures wem presented for a11 receptors except wiidkfe 

c ~ n  be 
1 
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I 
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8 0  

CONCLUSIONS AND RECOMMENDATIONS 

8 1 CONCLUSIONS 

A Phase I RFI/RI of OU6 was conducted as directed by the Interagency Agreement of 1991 

The purpose was to assess the site physical charactensfics charactenze contaminant sources 
and the nature and extent of potential contamination in surface SOL), subsurface soil 
groundwater surface water, sediment and mr, assess fate and transport of environmental 
conshtuents, and estimate potential nsks to human health and the environment Field 
investigations indicate that the site physical charactensacs are complex Site meteorologic 
and hydrogeologic processes combine interactively to provide mechanisms and pathways for 
surface and subsurface constrtuents to migrate through the environment 

The nature and extent of environmental contammaon wthin OU6 were charactenzed through 
the collecuon, analysis, and assessment of hundreds of samples of various environmental 
media Environmental samples were analyzed for a comprehensive suite of chemicals to help 
characterize potential contamination associated wth waste handling and disposal practices 
conducted dunng the operating history of the Rocky Flats Plant The OU6 data assessment 
process including ngorous data vahdatmn, was designed to be conservanve to ensure an 
accurate and comprehensive understancfing of potennal contamination condinons in OU6 

The results of the OU6 data assessment process indicated the presence of PCOCs in surface 
soil subsurface soil, groundwater pond and stream surface water, and pond and streamldry 
sediments PCOCs identified in one or more of these environmental media include VOCs 
SVOCs, PCBdpesticides, metals and other inorganic constituents, and radionuclides The list 
of PCOCs for each medium was then screened using risk-based and other screening methods 
to identify COCs for both the HHRA and the ERA The HHRA COCs were selected on an 
OU-wide basis, for the ERA, COCs were selected on a Walnut Creek watershed basis 
Pnmary HHRA COCs were Am-24 1 and Pu-239/240 in all media, except groundwater, metals 
in surface and subsurface soil pond sediment, and stream/dry sediment, and Aroclor-1254 In 

pond sediment The primary ERA COCs were PAHs, PCBs silver, di-n-butyl phthalate 
chromium lead mercury 
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The presence of COCs in all de&. is a result of histonad ml& to the environment 
Though unlrkely under current cgdfions, COCs in each part~mlar medium have the potentral 
to migrate from locally affected heas to larger areas whin the d'fhcted medrum Qr to other 

media via vanous migrabon pstfikays Migrabon could OCEUC through arr, d a c e  water, the 
I 

B vadose zone, and groundwater *, 
e 

beyond ti16 ponds themsslves, even under 
amuiatmn indcatcs drrrt no net eioson o 

itatron uvents~ &cause the d e i  

 system^ m a  SW 

Results of the OU6 Phase I groun 
the OU6 study area has been imp 

beneath the OU6 tren 

as part ofthe OU7 I 

mrgratron from m e -  wthin 

11 @qQ& Them UmfpoUndS am 

or r h a P r w  Landfill i d  wars_evdurttd 

between the S d u  Ponds md North Walnut 

ons of vrnyl chlonde and otbm solvents have been 
nuw monitoring Well 3586 &ted mpstmun of M!$S 

141 and Pbnd B-1 Thq dmilanty between mnmtuents- dsbsctsdrri &is well and daw 
detect&bient I in 0 ~ 2  weils suggests that OU2 1s the likely some of these solvents 
Modelmg h s ~ & ~ ~ h h a t  my1 chlonde present in Well 3586 is not migrahng at 
significant con as far as the inlet to Pond 3-1 and is not expec@d to affect arms 
further downgradient under n o d  candiaons Evtdence from gbundwster samplmg and 
modeling mdicates that no contam&nts are currently mgratrng offsite along the Walnut 
Creek drmnage 5 

1 
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The OU6 HHRA estimated health risks and annual radiation doses for current and future 
onsrte receptors who could potenhally be exposed directly or indirectly to COCs at or 

released from sources in OU6 Exposure scenanos that were evaluated involved a current 
industnal worker (secunty guard), a future industrdoffice worker, a future ecological 
researcher a future open space recreational user, and a future construcaon worker Future 
onsite residential receptors were not considered in the HHRA because future land-use plans 
do not include residential use It was determined dunng "RA negotiations wth the 
regulatory agencies that health nsks to offsite receptors would not be addressed on an OU- 
specific basis but would best be examined on a s i t e d e  basis 

For the HHRA exposure media evaluated were surface soil, subsurface soil (construction 
worker only) outdoor and indoor am, and stream and pond surface water and sediments 
Groundwater was not evaluated as an exposure medium because there are no current or future 
receptors hsks were evaluated for four AOCs ACK: No 1 is the North Spray Field Area 
AOC No 2 includes the Sludge Dispersal Area, Tnangle Area, and Soil Dump Area AOC 
No 3 includes Ponds A-1, A-2, and A-3 AOC No 4 includes Ponds B-1 through B-4 In 
addition, risks for the future office worker were evaluated in a 30-acre maximum exposure 
area in AOC No 2 

The risk characterization process combines average and reasonable maximum eshmates o f  
exposure wth upperbound esmmates o f  %wcity to yield consewatwe (protective) estimates 
of health risk Estimates of health risk for average (CT) and reasonable maximum exposure 
(RME) conditions were provided so that risk management decisions can be based on a range 
of potential nsks for different exposure scenarios 

The followng are the mqor conclusions of the HHRA 

AOC No 1 and AOC No 2 Cumulatwe HIS were below 1 and the RME 
cancer risk estimates were below EPA's "point of  departure" o f  1E-06 for all 

receptors These results indicate that no adverse noncarcinogenic health 
hazards and negligible cancer risk are expected for all receptors evaluated 
(current and future workers construction worker open space recreation user 
and ecological researcher) 
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0 AOCNo3andA 

nsk estimates wer? 5E-06 or 

Cumulatwe HIS were below 1 and RME cancer 
below fet bo#.reccrptors The maximum cancer 

nsk emmate of 5d-06 for the open space user is near the lower end of EPA's 
target nsk range!of 1E-06 to 1- Ingaon of maxmum modeled 

tnbutor to this emmate 
mum conccmtratsms and 

t e a l  nsk The 

raad scologid researcher) 

onsite t~~6ptors weze less than 0 6  
f 100 mrem&eac for pmtectmn of 

-- I 

6 (svalurted as aspecid-case COC) e 

current and future 
waters from sourcda rn the h- Area, wdro 

e mgulatory agcnaes This methadology sapulatd thcr 

5. 

are stubmanzed in Appcndrx F, Table F6-1, where ECOCs are 
wde-rangmg wldlife, aquatx-fdng birds, terrestnd-feeding 

sand vegetation) and Contaminated medium in ea& ERA source area. 
Potenttd nsks were idenfified and evaluated thmugh a CoIIScrvatwe ECOC screen, the 

ecological evidence of effects, md ke results of tomcity tests Where pstentral nsks w e e  

identtfied, the data suppmng $le results were evaluated in a we@ of ewdence approach 
using professional judgment to make the final assessment of 

- -. -,- 
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For the Walnut Creek watershed, potential risks from the ECOCs varied by receptor No 
ecological risks to wde-ranging wldlife were identified Vegetation showed no evidence of  
stress in field sampling whereas the ECOC screen suggested that adverse effects on 
vegetation from some contaminants are possible Models suggested that birds that consume 
fish may be at nsk from PCBs in pond sediments i f  predatory fish such 8s large-mouth bass 
are added to ponds B-1, B-2, and B-3 Under the present ecosystem structure these receptors 
are not at risk Mercury and di-n-butyl-phthalate pose only a nominal nsk to aquatic-feeding 
birds based on data evaluabon Terrestnal-feeding raptors may be exposed to metals through 
consumption of  contaminated prey (insects and small mammals), but the data suggest that the 
sources of metals in the prey are uncertam and that while there may be a potenaal threat to 
individual birds populations are not likely to be affected when assumpbons about restricted 
feeding ranges are relaxed Small mammals are not at nsk from radionuclides and risk from 
barium are close to a no-effects threshold Of some concern are the possible effects of  
selenium in plants to individual small mammals feeding In the ERA source area downgradient 
of OU7 While small mammal populabons are not at nsk, individuals may expenence 
adverse effects A further evaluanon of tkrs nsk may be warranted in order to ensure 
protection of the Prebles Meadow Jumping Mouse (PMJM) i f  it is found in this area Field 
efforts are underway to validate the presence or absence of  PMJM in the OU7 downgradient 
area and "natural" selenium accumulation in plants w11 be evaluated as the likely source of  
this contaminant exposure to mice 

\ 

In summary, ecological risk to receptors as determined by the ECOC screening methodology, 
ecological monitonng data and toxicity testing have identified few potenaal threats and no 
actual negabve impacts to WETS ecosystems from site contaminants In the absence of  
demonstrated environmental injury the site ecosystems are most likely at nsk from future 
contaminated groundwater emergence and physical disturbance associated wth remediation 
activities 

8 2 RECOMMENDATIONS 

The results of the Phase I RFI/RI and BRA support the conclusion that environmental 
contamination wthin OU6 does not pose a threat to public health or the environment, and 
that remediation of environmental media to address public health issues is not warranted 
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Because OU6 contam the Wdnpt I Creek watersh6d, it wdl cuimue to be a potentral patbw, 

for contamlnants to migrate offslie, either through groundwater or surface water These m d a  
should be managed on a sitew? level As long as the WETS plant is an indu-al facility 
or In the process of dbcontrfnlnmon and decommrsaraanng, acttve monitonnn and 

management of the Walnut Cryk watersbed should As a best management - 
practrce, the ponds should be retarnad for proternon of water and contmue to 
provlde storm water quality improvement 

I 
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